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Abstract 
The aim of this study was to develop an efficient and reliable method of synthesizing lichen 
depsides which contain ~-ketoalkyl sidechains. 
A small number of depsides containing a ~-ketoheptyl sidechain in the A-ring had been 
synthesized previously but the route used, involving 2-pentyl-1,3-clithiane as a key 
intermediate, proved to be unreliable. This route was further studied and the reliability of 
the key alkylation step was improved using sodium hydride as the base in place of 
butyllithium. However, while it was possible to synthesize further depsides containing a 
~-ketoalkyl sidechain in the A-ring, the route could not be applied readily to the synthesis 
of depsides containing a ~-ketoalkyl sidechain in the B-ring. 
An alternative approach utilizing an indanone as an intermediate to a depside precursor was 
investigated. However difficulties were encountered in the route chosen and, while 
compounds with a substitution pattern similar to the desired key intermediates were 
prcxiuced, the route was considered neither efficient nor versatile. 
An efficient route to precursors for depsides containing ~-ketoalkyl sidechains in either the 
A- or B-ring or both was developed. The route was based on a method which had been 
used to prcxiuce precursors containing saturated sidechains and contained a novel oxidation 
procedure in a key step. The total synthesis of the lichen depsides oxostenosporic acid 
(40), loxodellic acid (41), 4-0-demethylloxodellic acid (42), glomelliferic acid (43), 
4-0-demethylglomelliferic acid (44), glomellic acid (56) and 4-0-demethylglomellic acid 
(57) is reported. 
vu 
Finally, an improved synthesis of the key intermediate containing a y-ketopentyl sidechain 
in the synthesis of the depsides miriquidic acid ( 45) and normiriquidic acid ( 46) is 
reported. 
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1. Introduction 
1.1 Why study lichen chemistry? 
Lichen chemistry may seem a remote area of study, but it does offer problems and 
challenges similar to those encountered in other areas of natural products chemistry. In 
addition, most people are unaware of the variety, complexity and uniqueness of lichen 
metabolites and even the special nature of lichens themselves. In the pages of this 
introduction I will try to convey to the reader the fascination of lichens and their 
metabolites, and in the chapters that follow share some of the challenges of the synthesis of 
lichen metabolites. 
A significant amount of effort is expended each year on the study of the chemistry of 
natural products. A major impetus for this study is gained from the potential to 
commercially exploit the biological activity that many plant metabolites exhibit. For 
example, two of the more important commercial uses of plant metabolites and synthetic 
derivatives of them are in pharmaceutical and pesticide use. 
Lichen secondary metabolites are a special subset of plant metabolites since most do not 
occur in other plants. While commercial exploitation of lichen metabolites is limited, many 
have been or are being tested for a range of biological activity with potential for 
exploitation. 
Lichens have been studied by botanists, chemists, ecologists and others for over a century. 
In particular, it is the variety of the structures of lichen metabolites, which afford many 
challenges in both structural elucidation and synthesis, that stimulates the interest of an 
organic chemist 
2 
1.2 What is a lichen? 
The complexity of lichen biology cannot be described adequately in a few pages. Only a 
brief description of the fundamental characteristics is provided here; the reader is referred 
to the excellent monographs on the subject by Hale1 and Hawksworth and Hill2 for a more 
detailed coverage. 
So, what is a lichen? The Oxford English Dictionary contains this oversimplified and 
dated definition: "One of a class of cellular cryptogamic plants, often of a green, grey or 
yellow tint, which grow on the surface of rocks, trees, etc. According to the modern 
theory, now generally accepted, the lichen is a fungus parasitic upon an algal, whose form 
is somewhat modified by the influence-of the parasite." It is now widely accepted that the 
nature of the fungus-alga association is much more than simple parasitism. In addition, the 
morphological changes which occur in both alga and fungus are usually significantly 
greater than this definition suggests. 
The following alternative definition was chosen by a poll of the members of the 
International Association for Lichenology in 19812: "A lichen is an association of a fungus 
and a photosynthetic symbiont resulting in a stable thallus of specific structure." The 
imprecise nature of this definition illustrates the difficulty that even experts have in 
classifying a large and varied range of 'plants' which are formed from the close association 
of two different organisms. The 1983 edition of Ainsworth and Bisby's Dictionary of the 
Fungi 3 gives a somewhat more straightforward definition of a lichen as 11 ••• a stable 
self-supporting association of a mycobiont and a photobiont. 11 
Lichens display an extraordinarily highly developed symbiotic state in which even the 
morphology and physiology of the species involved is altered dramatically. While the 
complexity of the fungus-alga association makes a simple and precise definition of a lichen 
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difficult, it results in a remarkably successful organism which manifests itself in a variety 
of lichen forms and provides considerable fascination for those who study them. 
So, why has such an elaborate symbiotic association developed? It suggests that both 
organisms must benefit from the symbiosis. 
The mycobiont (fungus) can satisfy its need for carbohydrates for respiration and growth 
by forming a lichen association; experiments have established that up to 80% of the carbon 
fixed by photosynthesis in the photobiont (alga or cyanobacterium) is transported to the 
mycobiont. The effectiveness of this life-style is evidenced by the fact that about 13,500 
of the 64,200 known fungus species are lichenized. 
The benefits of the lichen association to the photobiont are less clear. However, one of the 
most obvious benefits is the ability of lichens to thrive in habitats which are too hostile for 
free-living algae to survive. About 37 genera of photobionts have been identified in 
lichens, but classification to the species level is made difficult by the altered morphology of 
the lichenized alga. Some of the most common photobiont genera have been found only 
rarely in a free state. 2 
Lichens exhibit many properties which contrast with those of free living fungi and algae: 
they are long-lived; 
most are resistant to low moisture conditions; 
many grow in exposed areas; and 
whereas fungi grow mainly in shaded locations and algae in full light, 
lichens thrive in areas of both high and low light intensity. 
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The adaptability and ecological success of lichens is illustrated by their range of habitats 
and widespread distribution. Lichens are found from the frozen antarctic wilderness to the 
I 
tropics, from arid deserts to rainforests, and some species have adapted to a cosmopolitan 
lifestyle, growing on glass, roof tiles, bricks and even iron railings.4 
1.3 Uses of lichen compounds 
Like all organisms, lichens produce many non-specific primary metabolites, including 
amino acids, proteins, and carbohydrates which are essential for their growth. However, 
it is the secondary metabolites, many of which are unique to lichens, which elicit most 
interest from organic chemists. 
Although the biological role of lichen secondary metabolites is unclear, there has been a 
great deal of speculation about their physiological purpose. It has been suggested that 
lichen secondary metabolites may be simply metabolic waste products, however the 
diversity of these compounds and their high concentrations which are often encountered 
suggests that they occupy a more important role. It has also been suggested that they could 
be used as a food reserve, although there is no definite evidence that they can be 
· metabolized further by the lichen. 1 The following proposed ecological roles for secondary 
metabolites are supported by experimental evidence:5 
it has been shown that the concentration of some metabolites vanes 
according to the exposure of some species to sunlight. 6 Since lichen 
acids and pigments increase the opacity of the upper cortex, 5 it has been 
suggested that this may provide a mechanism for regulating the intensity 
of light reaching the algal layer, 
5 
. a number of secondary metabolites exhibit antibacterial and anrifungal 
activity. 7 Such activity could be very important in restricting habitat 
competition and pathogenic attack, given the slow rate of lichen growth; 
. there is evidence that some metabolites serve to deter predation, 8 for example, 
some species produce metabolites which are toxic to mammals; and 
many of the phenolic acids produced are known to complex metal ions. 
Consequently it has been suggested that this may assist in the weathering of 
rock, thus aiding the attachment of the lichen to the substrate as well as 
playing an important role in soil formation (pedogenesis).9 
While the biological role of lichen secondary metabolites remains unclear, humans have 
exploited some of their properties for centuries. However, the commercial use of lichen 
compounds is not common today, and the importance of lichens in the few areas where 
they are still used commercially is not widely recognised. 
One of the important commercial uses of lichens today is as a source of food for grazing 
animals in arctic and sub-arctic regions. 10 In these areas the so-called reindeer mosses, 
Cladina, Cladonia and Cetraria species, form the predominant ground-cover. Some of 
these lichens grow up to 30 cm tall and can provide up to 95% of the winter diet of grazing 
animals, particularly reindeer. 11 
Lichens have also been eaten by humans but this practice has been very limited. 1 Selected 
species are still eaten as local delicacies, such as "iwatak:e" (rock fungus) in Japan, 12 but in 
general lichens have an unpleasant bitter taste and the more common species have only 
been consumed in times of extreme hardship.4 While the nutritional value of lichens 
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compares favourably with cereal crops thus making them a potentially attractive food 
source, their very slow growth rate precludes them from being grown commercially. I 
The ancient Egyptians recorded one of tJ1e earliest uses of lichen extracts, as a constituent 
of a cosmetic rouge. 10 Lichen extracts are still an important ingredient in the manufacture 
of perfumes, particularly in France. 13 An estimated 8,000-9 ,000 tonnes of lichen a year 
(mainly Evernia and Pseudevernia species) are collected in Yugoslavia, southern France, 
and Morocco for this purpose.14 
The phenolic acids present in lichens were once used as a source of a variety of colour-fast 
dyes. Synthetic dyes have generally replaced plant-based ones and the use of lichen 
derived dyes is rare today. Probably the best known lichen dye is that used in the 
production of litmus paper, it is derived from Ochrolechia and Roccella species, collected 
mostly from the Cape Verde Islands and Madagascar. 10 
Lichens also have decorative applications. Some Cladina and Cladonia species are used in 
floral arrangements and in architectural models as trees and shrubs. Between 2,000 and 
3,000 tonnes of reindeer moss (Cladina stellaris) are exported annually from Scandinavia 
for decorative use. 15 
As mentioned previously, some lichen metabolites have marked antibiotic activity, and it 
has been suggested that the natural role of these metabolites may be to prevent habitat 
competition. This activity has been utilized by humans and lichens have been used as part 
of traditional medicines in ancient China and Europe since the Middle Ages. More recently 
lichen secondary metabolites have received considerable attention for their potential for 
commercial exploitation in pharmaceutical preparations. The antibiotic effect of a number 
of metabolites was found to be significant for gram-positive bacteria but, as a rule, 
ineffective against gram-negative bacteria. 1 The best known of these, usnic acid (1), has 
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been used to treat tuberculosis and external infections. 16 Recently, a number of lichen 
compounds have undergone laboratory tests for anti-tumour activity.17,18 
COCH3 
HO 0 OH 
OH 0 
Lichens show a marked ability to accumulate minerals from the atmosphere, particularly 
heavy metals. As a result of this activity and their sensitivity to pollutants such as sulphur 
dioxide, extensive use has been made of lichens as biological pollution monitors. 19 It has 
also been suggested that mineral exploration companies could use a lichen's ability to 
accumulate minerals to detect the presence of mineral ore bodies, 20 but this practice is not 
widespread. 
Secondary metabolites are used extensively to aid lichen taxonomy.21 Some metabolites 
remain constant within a widespread species whereas others vary with the geographical 
distribution of a species. 
1.4 The structure of lichen secondary metabolites 
While lichens and their extracts have been utilized by humans for more than 2000 years, 
the study of lichen metabolites was initiated only during the late nineteenth century. The 
German chemists Hesse and Zopf22 established the empirical formulae and properties of 
over one hundred and fifty of these compounds, but were unable to elucidate structures 
with the primitive tests available. 
Since those early days, the interest in lichen secondary metabolites has grown and the 
contribution of Asahina and co-workers in the period 1925 to 1954 is particularly 
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noteworthy.23 Asahina established a classification of lichen metabolites based on chemical 
structure and was responsible for the structural elucidation of over forty of these 
substances. 
Asahina's extensive work marks the beginning of modern lichen chemistry. A recent 
review with over 350 references gives a good indication of the growth and the extent of 
interest in lichen chemistry.24 
Culberson25 has classified lichen secondary metabolites according to their biosynthetic 
origin. A modification of this classification is given here to illustrate the diversity of lichen 
prcxiucts: 
1. Acetate-polyma.lonate pathway 
Higher aliphatic acids 
- e.g. lichesterinic acid (2) 
Non-aromatic carbocyclic products 
- e.g. portentol (3) 
Mononuclear phenolic carboxylic acid derivatives 
- e.g. methyl ~-orcinolcarboxylate (4) 
HOOC 
( 3) 
HO 
0 
, 
, 
, 
, 
OH 
OH 
0 
• 
I 
Multinuclear phenolic carboxylic acid derivatives 
(a) orcinol series 
para-depsides 
- e.g. lecanoric acid (5), 
HO 
tridepsides 
- e.g. gyrophoric acid (6), 
HO 
and tetradepside 
- aphthosin (7) 
CH3 
co-o 
OH 
meta-depsides 
- e.g. sekikaic acid (8) 
depsidones 
- e.g. grayanic acid (9) 
C0-0 
OH 
OH 
C0-0 
(7) 
( 6) CH3 
CH3 
co-o 
OH 
(S) 
OH 
C0-0 
C0-0 
OH 
C0-0 
OH MeO 
( 8) 
C0-0 
0 
(9) 
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OH 
COOH 
COOH 
OH 
OH 
OH 
COOH 
OH 
COOH 
depsone 
- picrolichenic acid (10) 
dibenzofurans 
- e.g. didymic acid (11) 
(b) ~-orcinol series 
para-depsides 
- e.g. barbaric acid (12) 
H3CO 
meta-depsides 
- e.g. thamnolic acid (13) 
depsidones 
- e.g. protocetraric acid (14) 
HO 
0 
( 10) OCH3 
CH3 
CH3 
0 
( 11) 
C0-0 
OH 
( 12) 
co-o 
OH HO 
CH3 
CH3 
COOH ( 13) CHO 
C0-0 
0 
CHO ( 14) CH3 
10 
OH 
COOH 
COOH 
OH 
OH 
COOH 
COOH 
OH 
OH 
COOH 
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benzyl esters 
COOH 
- e.g. barbatolic acid (15) C0-0-CH2 
HO OH ( 15) 
CHO 
( c) usnic acids 
- e.g. usnic acid (1) 
OH 
Multinuclear compounds derived from-a single polyketide chain 
(a) chromones 
- e.g. sordidone (16) 
HO 
(b) xanthones 
- e.g. lichexanthone (17) 
(c) naphthoquinones 
OH 
- e.g. haemoventosin (18) 
OH 
OH 
0 
OH 0 
0 
Cl ( 16) 
0 OH 
0 
( 17) 
0 
0 
( 18) 
OH 
CHO 
OH 
(d) anthraquinones 
- e.g. emodin (19) 
2. Mevalonic acid pathway 
Carotenes 
- e.g. xanthophyll (20) 
HO 
Sterols 
- e.g. lichesterol (21) 
Terpenes 
(a) diterpenes 
- e.g. 16a-hydroxykaurane (22) 
(b) sesterterpene 
- retigeranic acid (23) 
HO 
12 
OH 0 OH 
HO 
o (19) 
OH 
( 20) 
( 21) 
\H ( 22) 
\ 
(23) COOH 
--
( c) triterpenes 
- e.g. zeorin (24) 
3. S hikimic acid pathway 
Terphenylquinones 
- e.g. polyporic acid (25) 
Pulvinic acid derivatives 
- e.g. pulvinic acid (26) 
I 
OH 
HO 
0 
( 26) 
( 24) 
OH 
0 (25) 
OH 
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The variety of lichen metabolites is amply illustrated by the above examples and most 
groups contain compounds which are unique to these organisms. Of pcL-rticular interest are 
the two largest groups which are largely confined* to lichens: the depsides and 
depsidones. 
* Approximately 30 typical "lichen metabolites" have been found in higher fungi. Depsides and 
depsidones were originally thought to be unique to lichens but a number have been recently 
isolated from fungi. Several depsides, identical to those found in lichens, have been discovered in 
fungi 26•27 but these are relatively rare. In addition, a number of depsidones have been 
discovered in the fungi Aspergillus nidulans, 28•29 A. unguis 30 (which is morphologically 
indistinguishable from A. nidulans), and Chaetomium molicellum. 31 The fungal depsidones 
are structurally distinct from lichen depsidones and are not widely distributed (in contrast to lichen 
depsidones). 
. I 
I 
14 
The similarity of the structures of depsides and depsidones suggests that depsidones are 
biosynthesized by the oxidation of depsides. 32.33 The fact that at least nine para-depside/ 
depsidone pairs of corresponding structures exist lends support to this theory; in several 
lichens the pair of olivetoric acid and physodic acid actually co-occur. 34,35 However, 
based on synthetic results, an alternative biosynthesis of depsidones has been postulated 
which involves the rearrangement of an intermediate benzophenone. 36 
1.5 Depside structure 
Depsides are highly substituted phenyl benzoates and comprise the largest group of lichen 
substances. The benzoic acid moiety of the ester is referred to as the A-ring and the 
phenolic moiety as the B-ring. The ring designation and numbering systems commonly 
used are illustrated below using the depside lecanoric acid (5). 
co-o 3' 
3 OH 
5' 
COOH 
Depsides can be classified into five categories: orcinol para-depsides; orcinol 
meta-depsides; ~-orcinol para-depsides; P-orcinol meta-depsides; and orcinol P-orcinol 
para-depsides. Tridepsides and tetradepsides can be regarded as special examples of 
orcinol para-depsides. 
1.5 .1 Orcinol para-depsides 
Orcinol depsides incorporate a 2,4-dioxy-6-alkylbenzoic acid moiety in both A- and 
B-rings. Their name is derived from the similarity of this substitution pattern to that of 
orcinol (27). In orcinol para-depsides the ester group involves the 4' oxygen of the 
15 
B-ring, that is the oxygen para to the carboxy group. Lecanoric acid (5) is an example of 
an orcinol para-depside. 
HO OH 
( 27) 
This group of depsides displays a large variety of substituents: the 6 and 6' alkyl groups 
found in nature include methyl, propyl, pentyl, heptyl, 2-oxopentyl, 3-oxopentyl, 
2-oxoheptyl and 2-oxononyl; the 2, 4 and 2' hydroxy groups are often found methylated; 
the 3 and 5 positions are occasionally chlorinated; hiascic acid derivatives (tridepsides) 
contain hydroxy and methoxy groups in the 5 position; and in one case 
(3-methoxy-2,4-di-O-methylgyrophoric acid) the 3 position contains a methoxy group. 
1.5.2 Orcinol meta-depsides 
The orcinol meta-depsides differ from orcinol para-depsides in that the ester group 
involves an oxygen in the 3' position of the B-ring, that is meta to the carboxy group. 
Sekikaic acid (8) is an example of an orcinol meta-depside. 
The variety of substituents observed in orcinol meta-depsides is much more limited than 
that of the para-depsides: propyl and pentyl groups are _the only alkyl side chains found in 
meta-depsides. Like para-depsides, methylation of the hydroxy groups is common. 
1.5.3 /3-0rcinol para- and meta-depsides 
~-Orcinol depsides incorporate 2,4-dioxy-3,6-dimethylbenzoic acid moieties in both A-
and B-rings (eg barbatic acid (12) and thamnolic acid (13)). ~-Orcinol depsides are 
-16 
so-named because their A- and B-rings incorporate a P-orcinol (28) nucleus. The ester 
functionality of P-orcinol meta-depsides involves an oxy group at the 5' position rather 
than the 3' position as is the case with orcinol meta-depsides (e.g. as in (13)); the 3' 
position of P-orcinol meta-depsides contains a C1 substituent Multiple carbon side chains 
have not been found in this group of depsides. 
HO OH 
( 28) CH3 
The C1 groups of P-orcinol depsides exhibit a variety of levels of oxidation, occurring as 
methyl, hydroxymethyl, formyl and carboxy groups. Methylation of the phenolic groups 
and nuclear chlorination are also commonly observed. 
1.5.4 Orcinol {3-orcinol para-depsides 
Mixed orcinol P-orcinol depsides are rare with only six examples discovered to date. All 
of these are para-depsides and contain only C1 substituents (e.g. evernine (29)). 
co-o OH 
OH 
( 29) CH3 
1.6 Structural identification of depsides 
Early identification procedures relied heavily on chemical degradation for structural 
elucidation. Today, modern instrumental techniques, particularly 1 H and 13c nuclear 
magnetic resonance (n.m.r.) spectroscopy, mass spectrometry and X-ray crystal 
17 
diffraction, have replaced the classical methods and greatly improved the ease and rate of 
structural investigations. Nevenheless, hydrolysis of the facile depside ester linkage is still 
important in the determination of the structure of depsides as it gives two components, the 
A-ring and B-ring fragments, which may be of known structure or may be readily 
identified. Microhydrolysis is a well developed technique where a small sample of 
depside, or even a crude lichen extract, is treated with sulphuric acid and the hydrolysis 
products are identified by comparative thin layer chromatography (t.l.c.). 
As free acids, depsides are often only sparingly soluble in organic solvents and this 
sometimes makes chromatographic separation of mixtures difficult A technique developed 
to overcome this problem involves benzylation of the free acid groups and the 
chromatographic separation of the more soluble benzyl esters. Once separated, the original 
depside-acids can be regenerated by hydrogenolysis of the benzyl esters. 
Esterification of depsides containing free acid groups (usually benzylation or methylation) 
is often used in conjunction with microhydrolysis. Under the hydrolytic conditions used, 
the alkyl ester is not cleaved whereas the facile phenolic depside-ester is. As a result the 
A-ring fragment is obtained as a free acid and the B-ring fragment as an ester, thereby 
allowing easier separation and identification of the fragments. 
Thin layer chromatography is undoubtedly the most widely used method for identifying 
known metabolites in lichens. The technique is fast and_simple and standardized methods 
have been developed to allow consistent and reproducible results. 37-39 While the 
standardized single dimensional t.l.c. has been universally adopted, other chromatographic 
methods have also been developed. Two-dimensional t.l.c. has been used to effect the 
separation of complex mixtures of depsides and the comparison of the chromatographic 
behaviour of homologous series of depsides has enabled the identification of previously 
unknown metabolites.40 Comparative high performance liquid chromatography (h.p.l.c.) 
18 
is also commonly used. Here, a reverse phase column allows rapid separation of depside 
acids which move slowly on conventional polar chromatographic substrates. 
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Scheme 1. Biosynthesis of lichen metabolites after Hawksworth and Hill. 2 
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Microcrystallization, first introduced by Asahina,41 is a further method for identifying 
known depsides. A small sample of the depside is recrystallized from one of several 
standard solvent systems and its identity determined by comparison of the crystal shape as 
viewed with a microscope. This method has now largely been replaced by 
chromatographic methods. 
1. 7 Depside biosynthesis 
A representation of the biosynthetic pathways to the major groups of lichen metabolites is 
depicted in Scheme 1.2 As shown in Scheme 1, orsellinic acid (30a) can be regarded as 
the primary building block of all depsides; all other moieties that occur in lichen depsides 
can be regarded as homologues or derivatives of orsellinic acid. Orsellinic acid is formed 
biosynthetically by the cyclization of a linear polyketide which, in turn, is formed via the 
acetate-polymalonate pathway in a manner similar to the production of polyketide 
intermediates in lipid biosynthesis. The stepwise condensation of three malonyl units to an 
acetate starter unit yields the polyketide 3,5,7-trioxo-octanoic acid (31) - presumably 
present in the lichen as a co-enzyme A ester (Scheme 2). 
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AscoA 
+ 
0 
HOOC II 
~SCoA 
0 0 0 
-CO2, HSCoA 
0 
HOOC~ 
SCoA 
0 0 
AASCoA ' 
SCoA 0 0 
0 
HOOC~ 
0 0 
( 31) 
Scheme 2. Biosynthesis of 3,5,7,-trioxo-octanoic acid (31). 
SCoA 
OH 
-20 
Such a polyketide can cyclize in three ways (Scheme 3): Aldol condensation (Route 1) 
giving orsellinic acid (30a), not only a primary building block of depsides but lichen 
depsidones and dibenzofurans as well; Claisen condensation (Route 2) yielding 
phloroacetophenone (32) which is the precursor of usnic acid (1) and its analogues; and 
the thermodynamically unfavourable alternative Aldol condensation (Route 3) giving 
3,5-dihydroxyphenylacetic acid (33). There is no evidence of the latter route occurring in 
lichens. 
CH3 CH3 
0 COSCoA COOR' 
Route 1 
0 0 HO OH 
( 31) (30aR'=H) 
H3C 0 • 
0 0 SCoA HO OH 
Route 2 
( 31) ( 32) 
0 OH 
0 0 HO 
COOH Route 3 
COSCoA 
( 31) 
0 
( 33) 
OH 
Scheme 3. Cyclization of 3,5,7-trioxo-octanoic acid (31). 
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H11Cs~SC0A 
J C7H1s 
COO.R' 
0 0 0 0 0 
~ H15C7 SCoA H15C7 SCoA HO OH 
( 30d, R'=H) 
Scheme 4. Possible biosynthesis of orsellinic acid homologues (30b-d). 
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Precursors of depsides containing propyl, pentyl or heptyl side chains car1 be formed in a 
manner analogous to the biosynthesis of orsellinic acid in which the reduction of terminal 
ketone groups gives the required saturated alkyl moieties (Scheme 4). An alternative route 
to these compounds involves the degradation of fatty acids to produce short-chain alkanoic 
acids which can act as starter units in the polyketide synthesis (Scheme 5).42 
[0] 
metabolism 
0 0 0 COOR 
SCoA 
HO OH 
Scheme 5. Fatty acid approach to the biosynthesis of orsellinic acid homologues (30). 
Para-depsides are formed by the enzymatic condensation of two mononuclear orsellinate 
(or homologous) units; subsequent condensation of a further unit gives a tridepside and 
two units gives a tetradepside. Feeding studies using 14c labelled materials have 
determined that the additional carbon of P-orsellinic acid (and derivatives) arises from the 
methylation of a polyketide, not orsellinic acid; the methyl group is derived from 
S-adenosylmethionine (SAM).43,44 
The biosynthesis of the meta-depsides, however, is not as straightforward. Culberson25 
has suggested three possible mechanisms for the biosynthesis of meta-depsides, viz.: 
hydroxylation of a mononuclear unit g1v1ng a suitable B-ring precursor 
which is subsequently condensed with an A-ring precursor, 
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oxidative coupling of a carboxy radical of an A-ring precursor with a 
(non-oxidized) B-ring precursor; or 
hydroxylation of the carbonyl group of a para-depside and subsequent 
rearrangement 
Of the three proposed routes above, general chemical experience would suggest that the 
latter two are very unlikely. 
A fourth alternative has been proposed recently. From thin layer chromatographic 
examination of Lobaria verrucosa Hoffm. (L. scrobiculata (Scop.) DC.), Elix and Gau145 
found that a small quantity of an unknown depside occurred together with the known 
meta-depside, scrobiculin (34 ). Attempts to isolate the unknown depside were 
unsuccessful, but an accumulation of evidence confirmed that it was para-scrobiculin (35). 
Further, it was shown that the meta- and para-depsides (34) and (35) were in dynamic 
equilibrium where the meta- isomer was thermodynamically favoured. From this 
observation Elix and Gaul postulated that the biosynthesis of a meta-depside could occur 
from hydroxylation of the B-ring of a para-depside followed by subsequent rearrangement. 
C0-0 
OH HO 
( 34) 
co-o 
OH 
OH 
OH 
I 
OH 
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1.8 Depside synthesis 
The total synthesis of new depsides or the interconversion of such depsides to known 
compounds is important for definitive structural determination. 
COCl HO OH 
COOH OCOOCH3 (37) (36) 
C0-0 OH 
COOH 
C0-0 OH 
HO OH COOH 
(5) 
Scheme 6. Synthesis of lecanoric acid (5) after Fischer and Fischer.46 
The first synthesis of a depside was reported by Fischer and Fischer in 1913.46 These 
workers synthesized the depside lecanoric acid (5) by condensing the appropriately 
substituted acyl chloride (36) and phenol (37) and subsequently removing the protecting 
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COCl HO OH 
+ 
OCOOCH3 CHO 
co-o OH 
CHO 
C5H11 
co-o OH 
HO OH CHO 
C0-0 OH 
HO OH COOH 
Scheme 7. Synthesis of perlatolic acid (38) after Asahina 47 
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carbonate ester groups by hydrolysis (Scheme 6). The protecting carbonate ester groups 
were used to avoid polyester formation which would result if free phenolic groups were 
present on the acyl chloride moiety. 
While this method was successful for the synthesis of lecanoric acid, it is not generally 
applicable to the synthesis of complex depsides. Asahina and colleagues4 7 used a 
modification of Fischer's procedure to establish a general synthetic procedure which they 
COOH HO OH 
+ 
OH 
C0-0 
OH 
C0-0 OH 
HO OH COOH 
(39) 
Scheme 8. Synthesis of 4-0-demethylstenosporic acid (39) after Elix et al. 48 
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successfully used to produce a number of depsides, including perlatolic acid (38) as 
illustrated in Scheme 7. 
A convergent synthesis involving the condensation of two appropriately substituted A- and 
B-ring precursors still remains the key step in the synthesis of depsides today. Modern 
condensing agents, particularly trifluoroacetic anhydride (TFAA) and dicyclohexyl-
carbodiimide (DCC), permits the free benzoic acids to be used in place of the 
corresponding acyl chlorides, and alternative protecting groups, particularly benzyl esters 
and ethers, are often employed. Benzyl groups are particularly useful for protecting 
carboxy and phenolic groups because they can be readily removed by hydrogenolysis, 
without endangering the integrity of the facile depside ester linkage. The recent synthesis 
of 4-0-demethylstenosporic acid (39)48 illustrates the modern procedure (Scheme 8). 
A recent review of lichen chemistry24 outlines how these advances have simplified depside 
synthesis and, as a result, an increasing number of such compounds have been 
synthesized. 
1.9 Depsides containing ketoalkyl sidechains 
1.9.1 Structure of depsides containing ketoalkyl sidechains 
The aim of the present work was to establish a general synthetic route to depsides 
containing ketoalkyl sidechains. A number of such depsides have been identified but the 
structural variation is somewhat limited. 
All ketoalkyl depsides found in lichens are orcinol para-depsides in which the keto group 
substitutes a five, seven or nine membered sidechain. Of particular interest are the 
depsides with the ~-ketononyl sidechains which have been identified only recently.49 
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Table 1. Depsides containing ketone groups 
C0-0 OR5 
R40 OR3 I COOH 
R2 
R1 R2 R3 R4 R5 
( 40) Oxostenosporic acid C3H7 CH2coc3H7 H CH3 H 
(41) Loxodellic acid CH2coc3H7 C3H7 H CH3 H 
(42) 4-0-Demethylloxodellic acid CH2coc3H7 C3H7 H H H 
( 43) Glomelliferic acid CH2coc3H7 C5H11 H CH3 H 
(44) 4-0-Demethylglomelliferic acid CH2coc3H7 C5H11 H CH3 H 
( 45) Miriquidic acid CH2CH2COC2H5 C5H11 H CH3 H 
( 46) Normiriquidic acid CH2CH2COC2H5 C5H11 H H H 
( 47) Subconfluentic acid CH2coc5H11 C3H7 ··· H CH3 CH,.. .) 
(or CH2coc3H7) (or c5H11) 
( 48) Olivetoric acid CH2coc5H11 C5H11 H H H 
(49) 4-0-Methylolivetoric acid CH2coc5H11 C5H11 H CH3 H 
(50) Confluentic acid CH2coc5H11 C5H11 H CH3 CH,.. j 
(51) 2-0-Methylconfluentic acid CH2coc5H11 C5H11 CH3 CH3 CH3 
(52) Hyperconfluentic acid CH2coc5H11 C7H15 H CH3 CH3 
(53) 4-0-Methylhyperolivetoric acid CH2coc5H11 C7H15 H CH3 H 
(54) 4-0-Methylsuperolivetoric acid CH2coc7H15 C7H15 H CH3 H 
(55) Superconfluentic acid CH2COC7H15 C7H15 H CH,, j CH3 
(56) Glomellic acid CH2coc3H7 CH2COC3H7 H CH-. .) H 
(57) 4-0-Demethylglomellic acid CH2coc3H7 CH2coc3H7 H H H 
(58) Microphyllinic acid CH2COC5H11 G_H2COC5H11 H CH3 H 
(59) 4-0-Demethylmicrophyllinic acid CH2coc5H11 CH2coc5H11 H H H 
(60) 2'-0-Methylmicrophyllinic acid CH2coc5H11 CH2COC5H11 H CH3 CH3 
(61) 2'-0-Methylhyperphyllinic acid CH2coc7H15 CH2coc5H11 H CH3 CH3 
(or CH2coc5H11) (or CH2COC7H15) 
(62) 2'-0-Methylsuperphyllinic acid CH2coc7H15 CH2coc7H15 H CH3 CH3 
( 63) Glaucophaeic acid CH2COC7H15 CH2coc7H15 CH3 H CH3 
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Although oxidation of C1 substituents is common in ~-orcinol depsides, oxidized methyl 
or propyl sidechains have not been found in orcinol para-depsides or orcinol 
meta-depsides. Most ketoalkyl depsides are ~-keto (2-oxoalk:yl) compounds with the 
exceptions being miriquidic acid ( 45) and normiriquidic acid ( 46) where the keto group is 
y (3-oxoalkyl). While there are a number of depsidones, such as loxodin (64 ), which 
contain a-ketoalkyl sidechains, these have not been found in orcinol depsides. 
C0-0 OH 
HO 0 
Some depsides contain a ketoalkyl sidechain in the A-ring, some in the B-ring and some in 
both A- and B-rings. Table 1 contains the list of the ketoalkyl depsides which have been 
identified to date. 
1.9.2 Biosynthesis of depsides containing ketoalkyl sidechains 
The biosynthesis of ketoalkyl depsides would appear to be analogous to that of depsides 
containing saturated side chains, with mononuclear precursors being formed via the 
0 0 0 0 0 0 
R~SCoA -~- R SCoA 
CH2COR 
COOH 
HO OH 
Scheme 9. Possible biosynthesis of ~-ketoalkyl depside precursors. 
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cyclization of a suitably substituted polyketide. The fact that the majority of such 
compounds have the keto group ~ in the sidechain suggests that this may arise by 
incomplete reduction of the polyketide (Scheme 9). 
As with the biosynthesis of saturated orsellinic acid homologues, fatty acid degradation 
could provide the starter unit for the biosynthesis of such polyketides. Alternatively, 
oxidation of the sidechain of an aromatic precursor or even a depside could be involved. 
Although no examples of depsides or depsidones containing 8-ketoalkyl sidechains have 
been found, the depsidone vittatolic acid (65) is curious since it contains a 8-hydroxy in 
addition to a ~-keto group in the sidechain. Thus the A-ring precursor of vittatolic acid 
may originate from the cyclization of a partially reduced polyketide (Scheme 10). 
I , 
HO 
OH 0 0 0 
CH2COCH2CH(OH)C3H7 
COOH 
OH HO 
0 
SCoA 
OH 
0 
co-o 
0 
( 65) C5H11 
Scheme 10. Possible biosysnthesis of A-ring precursor of vittatclic acid (65). 
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Miriquidic acid (45) and normiriquidic acid (46) possess y-ketopentyl sidechains. The 
oxygen atom in the y-ketopentyl groups cannot originate from the acetate-polymalonate 
precursor of these compounds. It would appear that the y-ketopentyl functionality of these 
depsides arises from the oxidation of a saturated or unsaturated carbon sidechain, which 
could occur before or after cyclization of the polyketide. It is also possible, of course, that 
the biosynthesis of moieties containing ~-ketoalk:yl groups could occur by an analogous 
route. 
1.9.3 Synthesis of depsides containing ketoalkyl sidechains 
The susceptibility of a P-ketoalkyl group ortho to a carboxy group to cyclize, with the 
formation of an isocoumarin was discovered, inadvertently, by Zopf.50 He found that 
base hydrolysis of glomelliferic acid ( 43) gave a neutral fragment which he called 
glomellin ( 66). However, as Zopf was unable to determine the structures of glomellif eric 
acid (43) or glomellin (66), the significance of his discovery was not noted. 
Asahina and Nogami5 1 repeated Zopfs work as part of their investigation into the structure 
of glomellif eric acid. They established that glomellif eric acid had the structure ( 43) and 
yielded the isocoumarin, glomellin (66), and 2,4-dihydroxy-6-pentylbenzoic acid (67) on 
hydrolysis (Scheme 11). 
From this it was apparent that the keto group would require protection during the synthesis 
of P-ketoalkyl depsides, and that care must be exercised during and after removal of the 
protecting group in order to preserve the integrity of this functionality. 
Prior to the commencement of this work, Elix and Ferguson had reported the only 
successful syntheses of ~-ketoalkyl depsides.52,53 They prepared the depsides confluentic 
acid (50), 2-0-methylconfluentic acid (51), olivetoric acid (48) and 4-0-methylolivetoric 
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acid ( 49), all of which contain a 2-oxoheptyl group as an A-ring substituen t. 
1,3-Dithianes were employed to protect the ketone groups to avoid the aforementioned 
cyclizat:ion, and were removed after the f ormat:ion of the depside ester bond. 
0 
OH 
OH COOH 
( 43) CsH11 
1. OH 
2. H30 + 
C3H7 
0 
HO OH 
0 
+ 
CH30 OH COOH 
( 66) ( 67) CsH11 
Scheme 11. Degradation of glomelliferic acid ( 43). 
Elix and Jayanthi54 have recently reported the synthesis of the y-ketopentyl depsides, 
miriquidic acid (45) and normiriquidic acid (46). It was-not necessary to protect the keto 
group during the synthesis of these depsides since the y-ketoacid precursor did not have 
the propensity to cyclize that was shown by the corresponding ~-ketoacid. 
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1.10 Present work 
The major thrust of the present work was to devise a reliable, general synthetic route to 
depsides containing ~-ketoalkyl groups. The following depsides, containing ~-ketopentyl 
side chains, were chosen as target compounds: loxodellic acid (41), 4-0-demethyl-
loxodellic acid (42), glomelliferic acid (43) and 4-0-demethylglomelliferic acid (44) all of 
which contain a ~-ketopentyl group in the A-ring; oxostenosporic acid ( 40) which contains 
a P-ketopentyl group in the B-ring; and glomellic acid (56) and 4-0-demethylglomellic 
acid (57) which contain ~-ketopentyl groups in both A- and B-rings. 
In Chapter 2 the synthetic route of Elix and Ferguson52,53 is analysed and alternative 
approaches to overcome the variable and irreproducible yields encountered with this 
method55 are reviewed. 
An alternative route, utilizing a substituted indanone as a key intermediate in the synthesis 
of P-ketoalkyl depsides, was also investigated and is described in Chapter 3. 
The preferred route to the synthesis of P-ketoalkyl depsides is described in Chapter 5. The 
development of a novel method of oxidizing alkyl dihydro-orsellinate and homologous 
esters ( 68) was essential for the synthesis of these depsides. This method is described in 
Chapter 4. 
R 
COOR' 
HO 0 
Finally, an improved synthesis of the y-ketopentyl depsides, miriquidic acid ( 45) and 
nonniriquidic acid ( 46), is described in Chapter 6. 
2. The use of 1,3-Dithianes in the Synthesis of Depsides 
Containing ~-Ketoalkyl Sidechains 
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2.1 Previous syntheses of depsides containing P-ketoalkyl sidechains 
Elix and Ferguson52,53 reported the first syntheses of lichen depsides containing a 
P-ketoalkyl group in the A-ring. Four depsides were synthesized: confluentic acid (50); 
2-0-methylconfluentic acid (51); olivetoric acid (48); and 4-0-methylolivetoric acid (49). 
Their preferred route, in which the 1,3-dithiane moiety was used both to introduce the 
ketone functionality and to provide protection of this functionality during subsequent 
synthetic steps, is depicted in Scheme 12. 
While four P-ketoheptyl depsides were successfully synthesized by this route, serious 
difficulties were encountered. 55 Elix and Ferguson noted that the alkylation of 
2-pentyl-1,3-dithiane (71) with the benzyl halides (70) and (73) produced 
1,2-di-(2-bromo-3,5-dimethoxyphenyl)ethane (75) as a by-product. This by-product is 
believed to result from an intermediate benzyl lithium (7 4) which is formed from 
lithium-halogen exchange (Scheme 13). Such lithium-halogen exchange is well known,56 
and was used in the subsequent step to introduce the carboxy group. These \vorkers found 
that the amount of by-product produced could be reduced by using the less reactive 
chloride (73) rather than the bromide (70) as the alkylating agent 
The reproducibility of the reaction, however, was an even greater problem. While yields 
of products from the alkylation of 2-pentyl-1,3-dithiane (71) were inconsistent, attempts to 
alkylate 2-propyl-1,3-dithiane (76) yeided only complex mixtures from which the desired 
product could not be readily isolated. 55 
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Scheme 12. Synthesis of 2-0-methylconfluentic acid (Sl) after Elix and Ferguson.52 
( 70) X = Br 
( 73) X = Cl 
( 70) or 
( 73) 
Br 
BuLi 
( 74) 
Br 
( 75) 
Scheme 13. Products of lithium-halogen exchange. 
36 
Br 
The alkylation of 2-propyl-1,3-dithiane (76) was investigated further in the present work 
in an attempt to clarify and overcome the problems encountered alx>ve. 
LDA ( 77) 
Li+ 
fl 
s s 
Br Br 
( 78) (77) 
Scheme 14. Attempted alkylation of 2-propyl-1,3-dithiane (76). 
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Initially the alkylation of 2-propyl-1,3-dithiane (76) by 2-bromo-3,5-dibenzyloxybenzyl 
bromide (77) was attempted using the method described by Elix and Ferguson52 (Scheme 
14). T.l.c. analysis of the reaction mixture indicated that it contained more than seven 
components and an 1 H n.m.r. spectrum of this mixture indicated that less than 20% of the 
desired product (78) was present. The benzylic singlet provided a suitable probe for 
estimating the composition of the mixture as the respective signals for the starting material 
and the product are distinctive (chemical shifts of 8 4.58 and 8 3.82 respectively); these 
signals also occur in a region of the spectrum which is relatively free of other signals. 
Since lithium-halogen exchange depends upon the covalent nature of the lithium-alkyl 
bond, it was reasoned that it could be reduced, hence formation of the desired product 
favoured, in an environment which promoted the formation of free ions. Indeed, Elix and 
Ferguson53 found that a non-polar solvent promoted translithiation in the subsequent step, 
in which the aromatic ring was lithiated then carboxylated to produce the corresponding 
carboxylic acid. However, no significant increase in the formation of the desired product 
(78) was obtained when the alkylation of (76) was conducted in the presence of 
hexamethylphosphoric triamide (I-IlvlPT A). 
Given that a number of di-substituted 1,3-dithianes have been successfully synthesized by 
this method,57 it is likely that the problems encountered here are a result of the nature of 
the alkylating agent used, that is (70), (73) or (77). 
The alkylation of 2-propyl-1,3-dithiane was repeated using the original procedure with 
3,5-dimethoxybenzyl bromide (69) as the alkylating agent. In this case 2-(3,5-dimethoxy-
benzyl)-2-propyl-1,3-dithiane (79) w,as obtained in high yield with no by-products 
detected (Scheme 15). This result was in contrast to a similar reaction conducted by Elix 
and Ferguson; these authors reported the formation of a significant amount of the coupling 
product, 1,2-di-(3,5-dimethoxyphenyl)ethane (80) on the alkylation of 2-pentyl-1,3-
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dithiane (71) with 3,5-dimethoxybenzyl bromide (69).52 The alternative result obtained in 
the present study is attributed to the use of a small excess of 2-propyl-1,3-dithiane and an 
extended reaction time which ensured that there was no residual butyllithium present in the 
solution prior to the addition of the alkylating agent 
Thus, the presence of the aromatic bromo substituent in (70), (73) and (77) appears to be 
responsible for the side reactions observed In spite of precautions taken to ensure that the 
butyllithium was consumed prior to the addition of the benzyl bromide (77), 
lithium-bromine exchange still took place. Therefore, while the exclusion of butyllithium 
from the mixture is sufficient to prevent lithium-bromine exchange of the benzyl bromide 
moiety, the lithio derivative of the dithiane is capable of effecting lithium-bromine 
exchange of the aromatic bromo substituent. Subsequent further reaction of such lithio 
intermediates with benzyl halide to produce dimers, trimers etc., and quenching with water 
would account for the complex mixture of products formed. 
(l 
s 
Li+ 
( 69} ( 79) 
( 80) 
Scheme 15. Synthesis of 2-(3,5-dimethoxybenzyl)-2-propyl-l,3-dithiane (79). 
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2.2 Alternative approaches using 1,3-dithianes 
As outlined above, the use of a polar solvent to enhance the nucleophilicity of the dithiane 
anion was unsuccessful. An alternative way to increase the nucleophilicity of such an 
anion is to utilize a cation which promotes dissociation - allowing the "free" ·anion to act as 
the nucleophile. Potassium and sodium cations are commonly effective in such a role. In 
the majority of cases lithium has been the cation of choice in forming metal 1,3-dithiane 
complexes, although a few others have been reported, including tin, 5 8 iron, 5 9 
chromium,60 and tungsten.60 Of particular interest was the report by Carre et al.61 who 
successfully alkylated 1,3-dithiane using the "complex base" sodium amide/sodium 
carbitol to generate the sodium salt (Scheme 16). 
NaNH2 ·11 RBr 
s s 
Na+Y-
H 
Scheme 16. Alkylation of 2-sodio-1,3-dithiane after Carre et ai.61 
A modification of the method of Carre et ai.61 was applied in an attempt to alkylate 
2-propyl-1,3-dithiane (76) with the substituted benzyl bromide (77) (Scheme 17). 
However the ether (81), fom1ed by the alkylation of the sodium alcoholate, was the only 
product obtained from the reaction mixture. This result can be explained by the presence 
of the propyl group in the dithiane (76) significantly reducing the acidity of the 
2-hydrogen; in this case the "hindered base" was alkylated preferentially by the reactive 
benzyl bromide. ~uch a result was consistent with the experiments of Carre et al. since 
these workers reported good yields of rnonoalkylated dithianes and did not report the 
isolation of any dialkylated species, even though an excess of base and alkylating agent 
was used. 
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CH2Br 
fl Br + NaNH2 sxs NaO(CH2CH20 )iEt 
PhCH20 OCH2Ph C3H7 H ( 76) ( 77) 
o~
0
~oEt 
( 81) 
Scheme 17. Attempted alkylation of 2-propy~-1,3-dithiane using the procedure of Carre et ai. 61 
In a further attempt to produce the sodium salt (82), 2-propyl-1,3-dithiane (76) was added 
to a suspension of sodium hydride in dimethylformamide (DMF). No hydrogen was 
evolved, even after prolonged heating, indicating that the dithiane anion was not being 
formed. However, when the benzyl bromide (77) was added to such a mixture at 50°, 
vigorous evolution of hydrogen occurred immediately. After the evolution of hydrogen 
had ceased, the mixture was worked up and 2-(2-bromo-3,5-dibenzyloxybenzyl)-2-
propyl-1,3-dithiane (78) was obtained in high yield as the only major product 
CH2Br CH: 
Br Br 
-HBr ( 76) ( 78) 
PhCH20 OCH2Ph PhCH20 OCH2Ph 
( 77) ( 83) 
Scheme 18. Possible carbene route to 2-(2-bromo-3,5-dibenzyloxybenzyl)-2-propyl-1,3-dithiane (78). 
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As the above observations were unexpected, the mechanism of the reaction was 
investigated in an attempt to rationalize them. 
It was clear from the initial experiment that the dithiane (76) did not react with sodium 
hydride alone under these conditions. One possibility is that the product could arise from 
the insertion of a carbene (83) into the dithiane C-H bond (Scheme 18). This possibility 
was investigated by adding the benzyl bromide (77) to a suspension of sodium hydride in 
Drv!F at 50°. However, no evolution of hydrogen was detected indicating that the carbene 
(83) was not formed under these conditions. 
The fact that evolution of hydrogen occurred only when both the dithiane (76) and benzyl 
bromide (77) were present can best be rationalized as illustrated in Scheme 19. 
(l 
s s 
( 76) .. 
( 77) 
( 78) 
Scheme 19. Mechanism of alkylation using sodium hydride. 
The earlier observation that sodium carbitol was not a sufficiently strong base to effect the 
deprotonation of 2-propyl-1,3-dithiane suggests that the equilibrium position in the 
reaction between the dithiane and hydroxide ion (the first step in Scheme 19) would lie far 
to the left (in favour of the starting materials). The high pKa of the dithiane was further 
demonstrated when a solution of the dithiane and sodium hydroxide in DMF was 
"equilibrated" by stirring overnight at 50° and then quenched with a dilute solution of 
D2S04 in D20. The lH n.m.r. spectrum of the sample was indistinguishable from that of 
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the starting material, indicating that ionisation of the dithiane was negligible under these 
conditions. 
In the presence of sodium hydride, however, the water formed would be rapidly converted 
to sodium hydroxide thereby forcing the reaction to completion (Scheme 19) . The low 
concentration of sodium dithianate thus farmed would be alkylated by the benzyl bromide. 
This mechanism accounts for the observation that the scxlium hydride was only consumed 
when both the dithiane and benzyl bromide were present. The catalytic amount of 
hydroxide required to initiate the reaction would be present as an impurity in the sodium 
hydride. 
Further evidence for this mechanism was provided by repeating the reaction using sodium 
hydroxide as the base instead of sodium hydride. Surprisingly, a fair yield of the product 
(78) was produced under these conditions, although a significant amount of the alcohol 
(84), formed by the hydrolysis of the benzyl bromide, was also produced. 
CH20H 
Br 
( 84) 
Thus, it was demonstrated that by using sodium hydride in dimethylformamide in place of 
butyllithium in tetrahydrofuran as the base, it was possible to overcome a major difficulty 
encountered in the route of Elix and Ferguson. 52,53 The way was then clear to complete 
the synthesis of depsides containing A-ring ~-ketoalkyl groups via the route depicted in 
Scheme 12. However, a major drawback of this route is that the intermediate, 
2,4-dimethoxy-6-[(2-pentyl-1,3-dithian-2-yl)methyl]benzoic acid (72) (or the 
corresponding dibenzyloxy compound), cannot be converted readily to a suitable B-ring 
precursor containing a ~-ketoalkyl group. 
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Therefore, since an alternative approach (detailed in Chapter 5) was considered more 
versatile and more efficient, the above route was not pursued further. 
2.3 Experimental 
General 
1 H n.m.r. spectra were recorded at 80 MHz on a Varian CFI' 20 instrument. Chemical 
shifts are expressed as p.p.m. (8) relative to tetramethylsilane as internal standard. Mass 
spectra were recorded on a VG micromass 7070F mass spectrometer at 70 e V linked to a 
Finnigan Incos data system. Melting points are uncorrected. Microanalyses were carried 
out by the ANU Microanalytical Service Unit Preparative layer chromatograms were run 
on a Harrison Research 7924 Chromatotron. Plates were coated with silica gel (Merck 
PF254+366) as adsorbent and bands were detected by exposure to short-wave ultraviolet 
light. Petroleum spirit refers to the fraction boiling between 60° and 80°. 
Alkylation of 2-Lithio-2-propyl-1,3-dithiane 
1. With 2-Bromo-3,5-dibenzyloxybenzyl Bromide (77) 
Following the Elix and Ferguson52 modification of the procedure of Corey and Seebach,57 
a solution of 2-bromo-3,5-dibenzyloxybenzyl bromide (77)53 (0.92 g, 2 mmole) in THF 
(5 ml) was added to a solution of 2-lithio-2-propyl-1,3-dit~iane (2 rnmole) in THF (10 ml) 
at -75°. The mixture was stirred at -75° for 2 h then 0° for 12 h, poured into water and 
extracted with ether. The ether solution was washed with water and saturated NaCl 
solution, dried (MgS04) and evaporated. The residue was a viscous yellow oil which 
contained more than seven components (detennined by tl.c.) which could not be separated 
readily by chromatography. An 1 H n.m.r. spectrum confirmed the complexiry of the 
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mixture and indicated (from the relative intensity of the benzylic peak at 8 3.82) that the 
yield of the desired product (78) was less than 20%. 
2. With 3,5-Dimethoxybenzyl Bromide (69) 
The above procedure was repeated using 3,5-dimethoxybenzyl bromide (69) (0.46 g, 2 
mmole) in place of 2-bromo-3,5-dibenzyloxybenzyl bromide (77). In contrast to the 
above result, the reaction yielded 2-(3,5-dimethoxybenzyl)-2-propyl-l ,3-dithiane (79) 
(0.45 g, 91 % ) as a pale yellow oil (single spot by t.l.c.) which solidified on standing. The 
product crystallized from petroleum spirit to yield colourless needles, m.p. 66° (Found: C, 
61.5; H 7.7; S, 20.7. C16H 240 2S2 requires C, 61.5; H, 7.7; S, 20.5%). 1H n.m.r. 
(CDC13) 8 0.92, t, J 6.5 Hz, CH2CH3; 1.57 - 2.02, m, (CH2)2CH3 and (SCH2)2CH2; 
2.85, t, J 5.6 Hz, 2 x SCH2; 3.14, s, ArCH2; 3.77, s, 2 x OCH3; 6.36, t, J 2.1 Hz, H4; 
6.46, d, J 2.1 Hz, H2 and H6. Mass spectrum mlz 312 (M, 7%), 269 (19), 237 (22), 205 
(18), 195 (33), 177 (11), 165 (12), 164 (19), 163 (70), 162 (70), 161 (100), 152 (25), 
151 (42), 121 (15), 119 (24), 91 (23), 87 (59), 85 (11), 78 (18), 77 (22), 75 (17), 73 
( 16), 65 (22). 
Attempted Formation and Alkylation o/2-Sodio-2-propyl-1 ,3-dithiane (82) 
1. Using Sodium Amide/Sodium Carbitol 
Using a modification of the procedure of Carre et ai.,61 a solution of carbitol (0.27 g, 2 
mmole) in 1,2-dimethoxyethane (DME) (0.3 ml) was added to a suspension of sodium 
amide (0.16 g, 4 mmole) in DME (1.5 ml), under nitrogen. The mixture was heated to 45° 
and stirred at this temperature for 2 h then cooled to room temperature. A .. solution of 
2-propyl-1,3-dithiane (76) (0.20 g, 1.2 mmole) in DME (0.2 ml) was then added at room 
temperature and the mixture stirred in an atmosphere of nitrogen for 16 h. The mixture 
was cooled to 0° and a solution of 2-bromo-3,5-dibenzyloxybenzyl bromide (77) (0.55 g, 
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1.2 mmole) in DME (1 ml) was added, the cooling bath was removed and the mixture was 
stirred for 4 h. The mixture was added to water and extracted with ether. The organic 
phase was washed with water and saturated NaCl solution, dried (Na2S04) and 
evaporated. The residue was applied to a 25 x 5 cm silica gel column and eluted with 10% 
ethy 1 acetate/petroleum spirit. The only significant fraction contained 2-bromo-3 ,5-
dibenzyloxybenzyl 2'-ethoxy-2-ethoxyethyl ether (81) (0.53 g, 86%) as a colourless oil. 
(Found: C, 62.6; H, 6.0; Br, 15.9. C27H31Br05 requires C, 62.9; H, 6.1; Br, 15.5%). 
1H n.m.r. (CDC13) 8 1.18, t, J 7.0 Hz, CH2CH3; 3.50, q, J 7.0 Hz, CH2CH3; 3.70, s, 
2 x O(CH2)20; 4.63, s, ArCH2; 5.02, S, 5-0CH2C6H5; 5.08, S, 3-0CH2C6H5; 6.54, 
d, J 2.6 Hz, H4; 6.84, d, J 2.6 Hz, H6; 7.37, s, 2 x C6H 5. Mass spectrum mlz 
517/515 (M+l, 54%), 516/514 (M, 100), 435 (14), 384 (15), 383/381 (50), 382 (31), 
303/301 (30), 293 (19), 291 (50), 289 (4Q), 211 (45), 192 (72), 182 (46), 181 (90), 180 
(44), 117 (79), 92 (78), 91 (98), 73 (62), 64 (59). 
2. Using Sodium Hydride 
Anhydrous DMF (2 ml) was added to sodium hydride (0.19g 50% oil suspension, 
4 mmole) which had been washed free of oil with hexane. 2-Propyl-1 ,3-dithiane (76) 
(0.49 g, 3 mmole) was added to the stirred suspension but no evolution of hydrogen was 
observed, even upon heating to 50°. A solution of 2-bromo-3,5-dibenzyloxybenzyl 
bromide (77) (1.39 g, 3 mmole) in DNIF (3 ml) was added to the mixture, and hydrogen 
was evolved immediately. The mixture was stirred vigorously at 50° until hydrogen 
evolution ceased (12 h). The resultant solution was cooled, added to water and extracted 
with ether. The ethereal solution was washed with water and saturated NaCl solution, 
dried (MgSO 4), and evaporated. The residual oil was applied to a 20 x 5 cm silica gel 
column and eluted with 10% ethyl acetate/petroleum spirit. The only sigmificant fraction 
contained 2-(2-bromo-3 ,5-dibenzyloxybenzyl)-2-propyl-1 ,3-dithiane (78) (1 .35 g, 83%) 
as a pale yellow oil (Found: C, 61.6; H, 6.0; S, 11.6. Ci8H31Br02S2 requires C, 61.9; 
46 
H, 5.8; S, 11.8%). 1H n.m.r. (CDC13) 8 0.96, t, J 8.0 Hz, CH2CH 3; 1.51 - 2.11, m, 
(CH2)2CH3 and (SCH2)CH2; 2.48 - 2.88, m, 2 x SCH2; 3.81, s, ArCH2; 5.00, s, 
5-0CH2C6H5; 5.06, s, 3-0CH2C6H5; 6.50, d, J 2.0 Hz, H4; 6.66, d, J 2.0 Hz, H6; 
7.37, s, 2 x C6H5. Mass spectrum mlz 544/542 (M, 7%), 161 (88), 91 (100). 
3. Using Sodium Hydroxide 
A solution of 2-propyl-1,3-dithiane (76) (0.20 g, 1.2 mmole), 2-bromo-3,5-dibenzyloxy-
benzyl bromide (77) (0.46 g, 1.0 mmole) and potassium hydroxide (0.06 g, 1.1 mmole) 
in DMF (2 ml) was stirred at 50° for 2 h. The cooled solution was added to water and 
extracted with ether. The ether extract was washed with water and saturated aqueous Na Cl 
solution, dried (Na2S04) and evaporated. The residue was applied to a 15 x 5 cm silica 
gel column and eluted with 5% ethyl acetate/petroleum spirit. The first fraction yielded 
2-bromo-3,5-dibenzyloxybenzyl alcohol (84) (0.15 g, 37% ), m.p. 108°, identical to the 
material used in the preparation of the bromide (77), the second fraction yielded unreacted 
2-bromo-3,5-dibenzyloxybenzyl bromide (77) (0.10 g, 22%), and the third fraction 
yielded 2-(2-bromo-3 ,5-dibenzyloxybenzyl )-2-propyl-1,3-dithiane (78) (0.10 g, 19% ), 
identical to the material obtained previously. 
3. Investigation of S, 7-Dimethoxy-2-propyl-2H-indanone 
as a Potential ~-Ketopentyl Depside Precursor 
3.1 Background 
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As mentioned in the introduction, compounds containing a P-ketoalkyl group ortho to a 
carboxylic acid group can be readily converted to isocoumarins under mild dehydrating 
conditions. Elix and Ferguson52 reported that the isocoumarin (85), not the acid, was 
produced as the A-ring fragment when the depside olivetoric acid (48) was treated with 
formic acid or potassium hydroxide; even prolonged treatment with diazomethane gave the 
isocoumarin (86) (Scheme 20). 
Staunton et al. 62,63 have described the synthesis of a number of substituted isocoumarins, 
including 6,8-dimethoxy-3-methylisocoumarin (96), utilizing appropriately substituted 
indanones as key intermediates. For example, the condensation of diethyl malonate with 
3,5-dimethoxybenzaldehyde (89) gave the unsaturated diester (90) which was 
subsequently reduced to the saturated diester (91). Methylation gave the ester (92) which 
was hydrolysed and decarboxylated to the acid (93). Friedel-Crafts acylation of the acid 
(93) gave 5,7-dimethoxy-2-methylindanone (94). The corresponding enol ester, 
3-trifluoroacetoxy-4,6-dimethoxy-2-methyl-lH-indene (95), was prepared by treating 
(94) with trifluoroacetic anhydride. Ozonolysis of an ethyl acet~te solution of the enol 
ester (95) yielded the isocoumarin (96) (Scheme 21). 
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Scheme 20. Degradation of olivetoric acid (48) after Elix and Ferguson.52 
Therefore, given the potential for the interconversion of the isocoumarin (88) and the 
P-ketoalkyl depside moiety, 2,4-dihydroxy-6-(2-oxoalkyl)benzoic acid (87), it was 
reasoned that a ~-ketoalkyl depside precursor could be produced from a substituted 
indanone by oxidation under appropriate conditions. 
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( 95) ( 96) 
Scheme 21. Synthesis of 6,8-dimethoxy-3-methylisocoumarin (96) after Staunton et al. 62 
3.2 Present approach 
The intermediate diester (98), the precursor to the corresponding propyl indanone (101), 
was prepared using a different approach from that described previously for the methyl 
compound (Scheme 21). Diethyl malonate was alkylated with propyl bromide in the 
presence of sodium ethoxide to give diethyl propylmalonate (97). Subsequent alk.7lation 
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of (97) by treatment with 3,5-dimethoxybenzyl bromide (69) gave the required cliester 
(98) (Scheme 22). The remainder of the synthesis was analogous to that shown in 
Scheme 21 with the exception that polyphosphoric acid was used in place of trifluoroacetic 
anhydride to effect the cyclization of the acid (100) to the indanone (101). 
H3CO 
( 69) 
OCH3 
+ C3H7CH(COOEt)i 
( 97) 
COOEt H3CO 
C3H7 
COOEt 1.-0H 
( 98) 2. H3o+ 
COOH polyphosphoric 
acid 
OCH3 ( 100) 
EtO-
COOH 
C3H7 
COOH 
OCH3 ( 99) 
( 101) 
Scheme 22. Synthesis of 2-propyl-6,8-dimethoxyindanone (101). 
The intention was to convert the indanone (101) to the enol ether (102), which could in 
tum be converted to the corresponding ketoalkyl ester (103) by ozonolysis. Direct 
production of the ester from the indanone in this way would have enabled the subsequent 
protection of the ketone (104 ), then the hydrolysis of the ester to produce 
2,4-dimethoxy-6-((2-propyl-1,3-dioxolan-2-yl)methyl]benzoic acid (105), a potential 
intermediate in the synthesis of ~-ketopentyl depsides (Scheme 23). 
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However, treatment of the indanone (101) with trimethyl orthoformate in the presence of a 
catalytic quantity of acid over several hours at elevated temperatures failed to produce the 
desired enol ether (102). Other conditions known to promote ketal and enol ether 
formation were also attempted, including: treatment with triethyloxonium tetrar1uoro-
borate;64 methanol/trimethyl orthoformate in the presence of a cationic ion exchange 
resin;65 and treatment of the sodium enolate with dimethyl sulphate.66 In all cases the 
indanone was recovered unchanged. 
0 OCH3 
(H3C0)3CH 1. 03 
H3CO OCH3 H3CO OCH3 2. MeiS ( 101) ( 102) 
0 n 0 0 
C3H7 C3H7 
COOCH3 COOCH3 
(CH20H)2 
H3CO OCH3 
H+ H3CO OCH3 
( 103) ( 104) 
( 105) 
Scheme 23. Strategy for the synthesis of 2,4-dimethoxy-6-[(2-propyl-1,3-dioxolan-2-yl)methyl]-
benzoic acid (10 5). 
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This was unexpected, since 3,4-dimethoxy-5-methylindene (107) has been prepared by 
treating the indanone (106) with timethyl orthoformate in the presence of an ion exchange 
resin (Scheme 24).67 Even so, it is known that some ketals and enol ethers can only be 
prepared with difficulty - and some not at all. 68 In particular, the degree of substitution of 
the ketone is a determining factor. Hence, the difference in reactivity of the indanones 
(101) and (106) with trimethyl orthoformate can be attributed to the additional steric 
hindrance of the propyl group in (101). 
0 
OCH3 
CH3 ( 106) 
Scheme 24. Preparation of 3,4-dimethoxy-5-methylindene after Wiesner67 
In contrast to the difficulty described above to produce an enol ether, 5,7-dimethoxy-2-
propylindanone (101) readily formed enol esters. Using the procedure of Staunton et 
al., 62,63 the 2-propylindanone (101) was treated with trifluoroacetic anhydride to give the 
enol ester (108), which on subsequent ozonolysis gave the isocoumarin (110) in good 
yield (Scheme 25). 
As the ozonolysis of the enol trifluoroacetate gave the isoc~umar.s11 directly, it was decided 
to try the more stable enol acetate in an attempt to isolate the acid directly from the ozonolysis 
reaction mixture. Treatment of the indanone (101) with isopropenyl acetate yielded the 
enol acetate (111) as a stable crystalline product (Scheme 26). Ozonolysis of a solution of 
(111) in ethyl acetate gave a mixture of unidentified products rather than the isocoumarin 
(110). Monitoring of this reaction by t.l.c. and 1 H n.m.r. indicated that the mixture was 
formed directly upon ozonolysis and was unchanged by the subsequent addition of 
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dimethyl sulphide. This was in contrast to the ozonolysis of the trifluoroacetate (108) 
which yielded a single (by t.l.c.) unstable product which displayed a 1 H n.m.r. spectrum 
consistent with the structure of the ozonide (109). This was converted to the isocoumarin 
(110) when treated with dimethyl sulphide. 
0 
( 101) ( 108) 
( 110) 
Scheme 25. Synthesis of 5,7-dimethoxy-2-propylisocoumarin (110). 
Following the failure of the ozonolysis of the enol acetate (111) in an inert solvent, the 
ozonolysis was attempted in methanol. In this case, a mixture containing the isocoumarin 
(110), the acid (113) and the cyclic ketal (114) was _obtained (Scheme 26). The 
difference in results is explained by the methanol reacting with the unstable primary 
ozonide to give a hydroperoxide such as (112). · Reduction of the hydroperoxide with 
dimethyl sulphide gives an unstable hemiketal which converts into the three products by 
elimination of acetic acid and methanol and/or water. The acid (113) and the ketal (114) 
were both readily converted into the isocoumarin (110) when heated with formic acid. 
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Scheme 26. Ozonolysis of 3-acetoxy-4,6-dimethoxy-2-propyl-lH-indene (111). 
Esterification of the acid (113) with diazomethane would have given the ester (103) which 
could in turn be converted into the target molecule, 2,4-dimethoxy-6-[(2-propyl-1 ,3-
dioxolan-2-yl)methyl]benzoic acid (105), via the route shown in Scheme 23. However, 
while the potential of an appropriately substituted indanone as a key intermediate in the 
synthesis of a P-ketoalkyl depside precursor was demonstrated, this route was protracted, 
only a poor yield of the acid (113) could be obtained directly from the ozonolysis reaction, 
and the product could not be readily adapted to produce both A- and B-ring precursors 
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with the variety of substituents required. Therefore, a more efficient alternative approach 
was pursued instead ( detailed in Chapter 5). 
3.3 Experimental 
General experimental details are reported in Chapter 2 (page 43). 
Diethyl 2-( 3 ,5-Dimethoxybenzyl )-2-propylmalonate (98) 
Diethyl propylmalonate 70 (97) (22.2 g, 0.11 mole) was added to a solution of sodium (2.5 
g, 0.11 mole) in ethanol (100 ml). The mixture was cooled to 0° and a solution of 
3,5-dimethoxybenzyl bromide52 (69) (23.8 g, 0.10 mole) in ethanol (30 ml) was added 
slowly with vigorous stirring. The mixture was heated under reflux for 2 hand then most 
of the ethanol was removed by distillation. The residue was cooled, diluted with water and 
extracted with ether. The ether phase was washed with water and saturated NaCl solution, 
dried (MgS04) and evaporated. The residue was applied to a 30 x 8 cm silica gel column 
and eluted with 5% ethyl acetate/petroleum spirit. The major fraction gave diethyl 
2-(3,5-dimethoxybenzyl)-2-propylrnalonate (98) (27.1 g, 77%) which crystallized from 
petroleum spirit as colourless prisms, m.p. 44-5° (Found: C, 64.0; H, 8.3. C19H28o6 
requires C, 64.7; H, 8.0%). 1H n.m.r. (CDC13) 8 0.92, t, I 6.3· Hz, (CH2)2CH3; 1.24, 
t, J 7.1 Hz, 2 x OCH2CH3; 1.28 - 1.38, m, CH2CH2CH3; 1.69 - 1.82, m, CH2C2H5; 
3.17, s, ArCHi; 3.73, s, 2 x OCH3; 4.17, q, J 7.1 Hz, 2 x OCH2CH3; 6.22 - 6.33, m, 
3 x ArH. Mass spectrum mlz 352 (M, 38%), 307 (12), 264 (27), 238 (32), 218 (21), 
204 (18), 191 (10), 176 (12), 174 (10), 153 (11), 152 (100), 151 (44), 91 (14), 77 (11). 
2-(3,5-Dimethoxybenzyl)-2-propylmalonic Acid (99) 
A solution of potassium hydroxide (16 g, 0.4 mole) in water (50 ml) was added to a 
solution of the diethyl ester (98) (25 g, 71 mmole) in ethanol (100 ml) and the mixture was 
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heated under reflux until homogeneous (3 h). The cooled solution was neutralized by 
treatment with dilute sulphuric acid and extracted with ethyl acetate. The organic phase 
was separated, washed with water and saturated NaCl solution, dried (MgS04) and 
evaporated. The crude product crystallized from aqueous methanol to yield 
2-(3,5-dimethoxybenzyl)-2- propylmalonic acid (99) (19.3 g, 92%) as very fine 
colourless needles, m.p. 140° (Found: C, 60.8; H, 7.0. C15H20o6 requires C, 60.8; H, 
6.8%). 1H n.m.r. (CDC13) 8 0.94, t, I 5.9 Hz, (CH2 ) 2 CH 3; 1.27 - 1.40 m, 
CH2CH2CH3; 1.83 - 2.02, m, CH2C2H5; 3.23, s, ArCH2; 3.73, s, 2 x OCH3; 6.33, 
s, 3 x ArH. Mass spectrum mlz 296, (M, 12% ), 252 (16), 236 (18), 205 (10), 165 (11), 
153 (11), 152 (100), 151 (32), 121 (10), 91 (18), 78 (11), 77 (17). 
2-(3 ,5-Dimethoxybenzyl)pentanoic Acid (1_00) 
The diacid (99) (15 g, 51 mmole) was heated to 180° and was maintained at this 
temperature until the evolution of carbon dioxide ceased (1 h). The product solidified on 
cooling and crystallized from ether/petroleum spirit to yield 2-(3,5-dimethoxybenzyl)-
pentanoic acid (100) (11.0 g, 86%) as colourless prisms, m.p. 49-50° (Found: C, 66.4; 
H, 8.2. C14H200 4 requires C, 66.6; H, 8.0%). 1H n.m.r. (CDC13) 8 0.89, t, J 6.5 Hz, 
(CH2)2CH3; 1.37 - 1.57, m, (CH2)2CH3; 2.71 - 2.80, m, ArCH2CHCOOH; 3.75, s, 2 
x OCH3; 6.33, s, 3 x ArH. Mass spectrum mlz 252 (M, 21 %), 166 (10), 165 (16), 153 
(11), 152 (100), 151 (26), 91 (15), 78 (12), 77 (14). 
5,7-Dimethoxy-2-propylindanone (101) 
The acid (100) (10.0 g, 40 mmole) and polyphosphoric acid (50 g) were mixed and stirred 
at 100° for 2 h. Water (200 ml) was slowly added to the dark mixture with stirring, and 
was followed by IM NaOH solution until the solution was neutral. The mixture was 
extracted with ethyl acetate and the organic phase was washed with water and saturated 
NaCl solution, dried (NaiS04) and evaporated to give a dark red syrup. The product was 
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distilled through a short column, b.p. 154°/0.5 mm Hg, to yield 5,7-dimethoxy-2-
propylindanone (101) ( 6.1 g, 65%) as a colourless solid which crystallized from ether as 
prisms, m.p. 58° (Found: C, 71.8; H 7.7. C14H 18o3 requires C, 71.8; H, 7.7%). 1H 
n.m.r. (CDC13) 8 0.93, t, J 6.1 Hz, (CH2)2CH3; 1.34 - 1.56, m, (CH2)2CH3; 1.85 -
1.98, m, COCHC3H7; 2.57, 2.75, 2d, J 17.8, 3.6 Hz and 3.09, 3.27, 2d, J 17.8, 7.9 Hz, 
:ArCH2 ; 3.86, s, 5-0CH3; 3.89, s, 7-0CH3; 6.29, d, J 1.4 Hz, 
H6 ; 6.46, d, J 1.4 Hz, 1 H4. !vlass spectrum mlz 234 (M, 2% ), 205 ( 41 ), 193 ( 49), 192 
(100), 191 (43), 178 (11), 177 (51), 174 (22), 163 (15), 161 (28), 91 (18), 77(20). 
6 ,8-D imethoxy-3-propylisocoumarin ( 110) 
This was prepared according to a modification of the procedure of Staunton et az.62,63 A 
solution of 5,7-dimethoxy-2-propylindanone (101) (2.34 g, 10 mmole) in trifluoroacetic 
·. , 
anhydride (20 ml) was stirred at room temperature for 40 min then the solvent was 
removed by evaporation. The crude enol ester was dissolved in ethyl acetate (100 ml), 
cooled in a dry-ice/acetone bath (-78°) and a stream of ozonized oxygen (ca. 5%, 20 lh-1) 
was passed through the solution until it became blue. A small sample of the solution was 
evaporated and the 1H n.m.r. of the residue indicated it contained largely the ozonide, 
l -trifluoroacetoxy-2 ,3-(2 ,4-dimethoxyphenylene)-5-propyl-6, 7,8-trioxabicyclo[ 4 2 .1 ]-
octane (109), identified by its distinctive benzylic proton signals. This compound was too 
unstable to allow further analysis. 1 H n.m.r. (CDC13) 8 0.92, t, J 6.5 Hz, (CH2)2CH3; 
1.31 - 1.56, m, (CH2)2CH3; 3.00, d, J 4.5 Hz, and 3.49, d, J 4.5 Hz, ArCH2; 3.84, s, 
2 x OCH3; 6.25, d, J 2.2 Hz, H3; 6.44, d, J 2.2 Hz, H5. 
The remainder of the ozonolysis mixture was treated with dimethyl sulphide (2 ml) and 
allowed to warm to room temperature. After standing for 1 h the solution was evaporated 
' and the residue was applied to a 10 x 5 cm silica gel column and eluted with 30% ethyl 
acetate/petroleum spirit. The only significant fraction yielded 6 ,8-dimethoxy-3-propyl-
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isocoumarin (110) (1.93 g, 78%) which crystallized from dichloromethane/petroleum 
spirit as colourless prisms m.p. 102° (Found: C, 67.7; H 6.7. C14H 16o4 requires C, 
67.7; H, 6.5%). 1H n.m.r. (CDCI3) 8 0.97, t, J 7.0 Hz, (CH2)CH3; 1.57 - 1.84, m, 
CH2CH3; 2.44, t, J 7.6 Hz, CH2C2H5; 3.88, s, 6-0CH3; 3.95, s, 8-0CH3; 6.07, s, 
ArCH; 6.31, d, J 2.1 Hz, H7; 6.41, d, J 2.1 Hz, H5. Mass spectrum mlz 249 (M+l, 
13%), 248 (M, 100), 247 (20), 219 (33), 205 (50), 191 (17), 178 (54), 177 (14), 149 
(67). 
3-Acetoxy-4 ,6-dimethoxy-2-propyl-1 H-indene ( 111) 
5,7-Dimethoxy-2-propylindanone (101) (2.34 g, 10 mmole), isopropenyl acetate (10 ml) 
and p-toluenesulphonic acid (10 mg) were refluxed for 16 h. The cooled solution was 
diluted with ether, washed with dilute NaHC03 solution, water and saturated NaCl 
solution, dried (N~S O 4) and evaporated. The pale orange residue crystallized from 
methanol to give 3-acetoxy-4,6-dimethoxy-2-propyl-JH-indene (111) (2.56 g, 93%) as 
fine colourless needles, m.p. 67° (Found: C, 69.5; H 7.4. C16H20o4 requires C, 69.6; H, 
7.3%). 1H n.m.r. (CDC13) 8 0.92, t, J 6.8 Hz, (CH2)2CH3; 1.38 - 1.66, m, CH2CH3; 
2.26, S, OCOCH3; 2.30, t, J 7.5 Hz, CH2C2H5; 3.25, s, ArCH2; 3.77, S, 2 x OCH3; 
6.35, d, J 1.8 Hz, H7; 6.58, d, J 1.8 Hz, H5. Mass spectrum mlz 277 (M+l, 37%), 276 
(M, 90), 235 (35), 234 (88), 233 (41), 219 (11), 207 (18), 206 (78), 205 (100), 204 
(12), 203 (14), 192 (32), 191 (44), 190 (21), 180 (11), 177 (12), 176 (14), 175 (21), 174 
(19), 161 (17), 147 (15), 131 (16), 115 (24), 103 (17), 102 (13), 91 (13), 77 (16). 
Ozonolysis of 3-Acetoxy-4,6-dimethoxy-2-propyl-JH-indene (111) in Methanol 
A solution of 3-acetoxy-4,6-dimethoxy-2-propyl-lH-indene (111) (200 mg, 0.7 mmole) 
in methanol (50 ml) was cooled in a dry-ice/acetone bath (-78°) and a stream of ozonized 
oxygen (ca. 5%, 20 lh-1) was passed through the solution until it became blue. Dimethyl 
sulphide (2 ml) was added to the solution and it was allowed to warm to room temperature. 
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After standing for 1 h the solution was evaporated and the residue was dissolved in ether 
and extracted with a dilute sodium hydrogen carbonate solution. The aqueous fraction was 
neutralized with tartaric acid and extracted with ether. The organic phase was washed with 
saturated NaCl solution, dried (NaiS04) and evaporated. The residue crystallized from 
methanol to give 2 ,4-dimethoxy-6-(2-oxopentyl)benzoic acid (113) (36 mg, 19%) as 
colourless prisms, m.p. 87° (Found: C, 62.8; H 6.8. C14H 18o5 requires C, 63.1; H, 
6.8%). 1H n.m.r. (CDC13) 8 0.93, t, J 7.1 Hz, (CH2)2CH3; 1.49 - 1.77, m, CH2CH3; 
2.50, t, 1 6.9 Hz, CH2C2H 5; 3.84, s, 4-0CH3; 3.97, s, 2-0CH3; 3.92, s, ArCH2CO; 
6.38, d, J 2.2 Hz, H3; 6.47, d, J 2.2 Hz, H5. Mass spectrum mlz 266 (M, 1 %), 196 
(20), 179 (17), 178 (100), 71 (34). 
The original ether solution (from the base extraction) was washed with water and saturated 
NaCl solution, dried (N~S04) and evaporated. The residue was applied to a 2 mm silica 
gel Chromatotron plate and was eluted with 10% ethyl acetate/petroleum spirit The faster 
moving fraction gave 6,8-dimethoxy-3-propylisocoumarin (110) (21 mg, 12%) identical 
to the material obtained previously. 
The second fraction gave 3,6,8-trimethoxy-3-propyl-3H-isocoumarin (114) (114 mg, 
58%) which crystallized from methanol as fine colourless needles, m.p. 90° (Found: C, 
63.9; H 7 .5. C15H20o5 requires C, 64.3; H, 7 .2% ). 1 H n.m.r. (CDC13) 8 0.98, t, J 6.5 
Hz, (CH2)2CH 3; 1.30 - 1.60, m, CH2CH3; 1.78 - 1.96, m, CH 2C2H5; 3.05, AB 
quartet, J 17 Hz, ArCH2; 3.29, s, 3-0CH3; 3.84, s, 6-0CH3; 3.91, s, 8-0CH3; 6.31, 
d, J 2.1 Hz, H7; 6.39, d, J 2.1 Hz, HS. Mass spectrum mlz 280 (M, 5%), 249 (15), 237 
(48), 209 (26), 179 (16), 178 (100), 135 (12), 69 (11). 
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4. Oxidation of Alkyl 1,6-Dihydro-orsellinate and 
Homologues 
4.1 Previous methods for the oxidation of dihydro-orsellinates 
The 2,4-dihydroxy-6-alkylbenzoic acid moiety (30) commonly occurs in many lichen and 
fungal metabolites. As a result, the synthesis of the c1 derivative, orsellinic acid (30a), 
forms an integral part of the synthetic routes to a large number of such natural products. 
The homologous compounds containing odd-numbers of carbon atoms in the sidechains, 
(30b-d), are not as widespread as the methyl derivative but are nevertheless important 
R 
a, R=CH3 R'=H orsellinic acid 
COOR' b, R=C3H7 R' H 2,4-dihydroxy-6-propylbenzoic acid 
HO OH 
C, R=C5H11 R'=H 2,4-dihydroxy-6-pentylbenzoic acid 
( 30) d, R=C7H15 R'=H 2,4-dihydroxy-6-heptylbenzoic acid 
The biogenesis of these moieties involves the cyclization of a linear polyketide and was 
discussed in Chapter 1 (page 19). A number of syntheses of orsellinic acid (30a) and 
alkyl orsellinate esters (30a, R'=alkyl) which also involve the cyclization of a polyketide 
intermediate have been reported.71-78 However, the majority of these syntheses achieved 
only poor to moderate yields and many were only applicable to orsellinic acid (30a) and 
not its homologues (30b-d). 
Of note is the more versatile synthesis of Kato and Hozumi78 in which a polyketide ester, 
formed in situ from the addition of an alkyl 3-oxoalkanoate to diketene, cyclized to produce 
the esters (30) in moderate yields (Scheme 27). The pyrones (115) are produced as 
major by-products in this reaction from an alternative cyclization of the polyketide ester. 
0 
R~COOR 
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0 
+ R 
COOR' 
R 0 
COOR' COOR' 
+ 
HO OH 0 R 
( 30) ( 115) 
Scheme 27. Diketene route of Kato and Hozumi.78 
The most widely used synthetic route to the esters (30) involves the oxidation of the 
corresponding dihydro compounds, ethyl 6-alkyl-4-hydroxy-2-oxocyclohe-3-ene-1 -
carboxylate (68), which in turn are readily prepared by the base catalysed condensation of 
the appropriately substituted a, ~-unsaturated esters with ethy 1 acetoacetate 7 9 
(Scheme 28). 
0 
~COOEt 
CH3 
[0] 
+ 
HO 
R~COOEt 
R 
COOEt 
OH 
( 30) 
R 
COOEt 
HO 0 
Scheme 28. General synthesis of ethyl orsellinate and homologues (30) after Sonn.79 
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While the synthesis of the dihydro esters (68) is efficient and the procedure has been 
utilized for over fifty years, many methods of oxidizing these esters have been attempted. 
A solution of concentrated sulphuric acid in acetic anhydride has been used to convert ethyl 
3,6-dimethyl-4-hydroxy-2-oxohex-3-ene-1-carboxylate (116) into ethyl 2,4-dihydroxy-
3,6-dimethylbenzoate (ethyl ~-orcinolcarboxylate) (117)80 (Scheme 29). This reagent has 
also been used succe~sfully to oxidize a variety of cyclic ketones8l,82 but failed to give the 
desired product when it was applied to 5-alkyl-3-hydroxyhex-2-enones (dihydroalkyl-
resorcinols) (118)83 or ethyl dihydro-orsellinate (68).84 
CH3 
COOEt COOEt COOEt 
H2S04 H3Q+ 
Ac20 
HO 0 AcO OAc HO OH 
CH3 CH3 CH3 
( 116) ( 117) 
Scheme 29. Oxidation of ethyl dihydro-~-orcinolcarboxylate (116) after Tsurata et al. 80 
The most widely used, but not necessarily the most successful, method for the oxidation of 
alkyl dihydro-orsellinates (68) has involved a bromination/dehydrobromination 
sequence. 85,86 Although alkylresorcinols (119) have been prepared successfully through 
monobromination with bromine followed by thermal dehydrobromination (Scheme 30), 83 
alkyl dihydro-orsellinates (68) gave a mixture of products under similar conditions.86 
To overcome the above problem of obtaining a mixture of products, the esters (68) were 
normally treated with two equivalents of bromine to produce the intermediate dibromo 
compound (120). Subsequent thermal elimination of hydrogen bromide yielded a mixture 
of the aromatic bromo esters, (121) and (122) (Scheme 31).87 The alkyl orsellinate 
esters (30) were finally obtained by hydrogenolysis of the bromo-esters (121, 122), 
63 
although this last step was difficult with the compounds containing longer side chains 
(pentyl and heptyl). 
R R R 
HO HO OH 
- HBr 0 HO 0 
( 118) Br ( 119) 
Scheme 30. Synthesis of alkylresorcinols after Chandrasekharan et al. 83 
An alternative bromination/dehydrobromination of dihydro-orsellinates using cupric 
bromide in dimethylformamide has also been reported. 88 This represents an attractive 
synthesis of alkylresorcinols (119), since hydrolysis and decarboxylation are common 
under the reaction conditions employed, but only low to moderate yields of alkyl 
orsellinate esters (30) are obtained. 
R R 
COOEt 
2Br2 Br L\ 
-HBr HO 0 HO 
Br 
( 120) 
R R 
X COOEt - COOEt 
Ni/Al 
NaOH 
HO OH HO OH 
Br ( 30) 
( 121) X=H 
( 122) X=Br 
Scheme 31. Oxidation of ethyl clihydro-orsellinate and homologues (68) with bromine. 
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4.2 A new method for the oxidation of alkyl dihydro-orsellinates 
Electrophilic substitution is promoted by the presence of electron donating groups and 
inhibited by the presence of electron withdrawing groups. Indeed the addition of the 
electrophile itself deactivates a molecule to further substitution. It was postulated that the 
acetic anhydride in the sulphuric acid oxidation method served to deactivate the molecule to 
secondary electrophilic (H2S04) attack by forming an enol acetate of the dihydro 
compound. 
In the case of the bromination of (68) the addition of the first bromine does not deactivate 
the molecule sufficiently to prevent further addition at a competitive rate. Therefore, 
although sulphuric acid/acetic anhydride failed to give acceptable results in the oxidation of 
ethyl dihydro-orsellinate (68), it was anticipated that the addition of acetic anhydride to the 
bromination reaction could permit monosubstitution. 
COOEt COOEt 
-HBr 
HO 0 AcO 0 
Br 
( 123) 
COOEt COOEt 
AcO OAc HO OH 
( 124) ( 30a) 
Scheme 32. Oxidation of ethyl dihydro-orsellinate by monobromination. 
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A solution of ethyl dihydro-orsellinate (68, R=CH3, R'=C2H 5) in acetic acid/acetic 
anhydride was treated with one equivalent of bromine. On heating, hydrogen bromide was 
liberated and the diacetate (124) was isolated after workup. The latter compound was 
readily hydrolysed to yield crude ethyl orsellinate (30a, R'=C2H 5) as a dark brown 
product in good yield (Scheme 32). 
It was subsequently found that passing a stream of dry nitrogen through the reaction 
mixture prior to and during heating effectively removed the hydrogen bromide, thereby 
preventing the charring of the product which caused the discolouration. By adopting this 
modification, the crude product (30a) was obtained as a colourless solid in a virtually 
quantitative yield. 
The intermediacy of the bromo ester (123) under these conditions was postulated. 
However, attempts to isolate this intermediate failed, presumably due to its instab_ility. 
Nevertheless, a 1 H n.m.r. spectrum of the crude intermediate was obtained and exhibited 
no signals between 8 5.0 and 6.0 (the region in which the C3 enolic proton in (68) 
occurs), which was consistent with the postulated structure (123). 
This method was also successfully applied to the longer chain esters. The general 
applicability of this method is demonstrated by the results summarized in Table 2. 
4.3 Synthesis of ethyl 2,4-dihydroxy-6-[(2-propyl-1,3-dioxolan-2-yl)-
methyl]benzoate 
A route similar to that illustrated in Scheme 28 was investigated for the synthesis of a 
potential key intermediate in the synthesis of ~-ketoalkyl depsides, ethyl 2,4-dihydroxy-6-
[(2-propyl-1,3-dioxolan-2-yl)methyl]benzoate (132) (Scheme 33). 
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Table 2: Synthesis of alkyl orseUinates and homologs 
R 
COOR' 
HO OH 
( 3()) 
R Yield(%) 
(30a) CH3 R'=CiHs 92 
(30a) CH3 R'=CH3 96 
(30b) C3H7 R'= CiHs 89 
(30c) C5H11 R'= CiHs 85 
(30d) C7H15 R'=~H5 74 
Ethyl 3-oxohexanoate (125) was converted to the ethylene ketal (126) by treatment with 
ethylene glycol in the presence of p-toluenesulphonic acid. Direct reduction of the ester 
(126) to the aldehyde (128) was effected by treatment with diisobutyl aluminium 
hydride. 89 However, complete reduction was not obtained using the conditions employed 
and a mixture of the ester (126) and aldehyde (128) was obtained which was difficult to 
separate. In addition, only unreacted ester was recovered when the reduction was 
attempted using sodium aluminium hydride, another reagent which has been used to reduce 
esters to aldehydes. 90 
The preferred route to the aldehyde (128) involved initial reduction of the ester (126) to 
the alcohol (127) by treatment with lithium aluminium hydride. Surprisingly, the initial 
reduction of the ester was slow even with the reactive reducing reagent lithium aluminium 
hydride, and prolonged heating was required to complete the reduction. This indicates that 
the presence of the ketal group greatly inhibits the reduction of the ester group in this 
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molecule, and accounts for the difficulty incurred previously with the attempted direct 
reduction to the aldehyde. The oxidation of the alcohol (127) to the aldehyde (128) was 
readily effected by treatment with pyridinium chlorochromate.91 The two step method for 
the reduction of the ester to the aldehyde proved more effective than the one step methcxis 
Pyridinium 
Chlorochromate 
n 
0 0 
COOEt 
1. HO 
AcO OAc HO OH 
( 131) ( 132) 
Scheme 33. Synthesis of ethyl 2,4-dihydroxy-6-((2-propyl-1,3-dioxolan-2-yl)methyl]benzoate (132). 
T 
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and gave a very good overall yield. Similar two step methods have also been used by 
others to reduce aliphatic esters containing an ethylenedioxy group ~ to a carboxylic 
ester. 92-94 
Subsequent Wittig reaction of the aldehyde (128) with carbethoxymethylenetriphenyl-
phosphorane gave the required a,~-unsaturated ester (129) in good yield. Condensation 
of (129) with ethy 1 acetoacetate in a similar manner to that used for the preparation of 
orsellinate and homologous esters85 gave the dihydro compound (130). 
The vulnerability of an ethylene ketal group to cleavage under the strong acidic conditions 
experienced in the bromination/dehydrobromination sequence was well known,95 so 
suitable modifications of the previously described procedure were investigated. It was 
found that the addition of sodium acetate to the reaction mixture prior to the addition of the 
bromine successfully buffered the hydrogen bromide evolved and an excellent yield of the 
aromatic ketal (131) was obtained. Base hydrolysis of the acetate groups subsequently 
gave the desired ~-ketoalkyl depside key intermediate, ethyl 2,4-dihydroxy-6-((2-propyl-
1,3-dioxolan-2-yl)methyl]benzoate (132). 
As the use of sodium acetate was found to be a simpler and more effective method for the 
removal of hydrogen bromide than purging with nitrogen, it was subsequently used as the 
method of choice for the aromatization of all dihydro esters (i.e. including those not 
containing acid sensitive groups (68, R=CH3, C3H7, C5H11 and ~H 15)). 
4.4 Experimental 
General experimental details are reported in Chapter 2 (page 43). 
Aromatization of Alkyl 4-Hydroxy-6-alkyl-2-oxocyclohex-3-enecarboxylates 
( method for acid stable compounds) 
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The alkyl cyclohexenecarboxylate (68) (0.1 mole) was dissolved in a mixture of acetic 
acid (60 ml) and acetic anhydride (30 ml) by wanning. The resultant solution was 
cooled to about 12° and a solution of bromine (16 g, 0.1 mole) in acetic acid (10 ml) 
was then added dropwise at this temperature with stirring. On completion of the 
addition, the solution was purged with a rapid stream of dry nitrogen as the 
temperature was raised slowly, and the nitrogen stream was maintained as the solution 
was boiled under reflux for 2 h. The nitrogen stream was removed, a solution of 50% 
aqueous hydrobromic acid (1 ml) in water (60 ml) was added, and the solution heated 
under reflux for a further 2 h. After cooling, the mixture was poured into water and 
extracted with ether. The ether solution was washed well with water, saturated 
·-· 
NaHC03 solution and saturated NaCl solution, dried (MgS04) and evaporated. The 
residue crystallized from hexane to give the alkyl 2,4-dihydroxy-6-alkylbenzoate (30). 
Ethyl 3,3-(Ethylenedioxy )hexanoate (126) 
A mixture of ethyl 3-oxohexanoate (125) (22.0 g, 0.14 mole), benzene (100 ml), 
ethylene glycol (20 ml) and p-toluenesulphonic acid (0.1 g) was refluxed for 16 h 
using a Dean and Stark trap to collect the separated water. The mixture was cooled 
and the benzene phase was separated, washed with water then saturated NaCl 
solution, dried (MgS04) and evaporated. The product was distilled, b.p. 132-6°/22 
mm Hg, to give ethyl 3 ,3-( ethylenedioxy )hexanoate (126) (21.2 g, 7 5%) as a 
colourless liquid (Found: C, 59.2; H 8.9. C10H 180 4 requires C, 59.4; H, 9.0%). 
1H n.m.r. 8 0.92, t, J 6.3 Hz, (CH2)2CH3; 1.25, t, J 7.2 Hz, OCH2CH 3; 1.31 -
1.56, m, CH2CH2CH3; 1.64 - 1.82, m, CH2C2H5; 2.63, s, CH2COOC2H5; 3.96, 
s, O(CH2)20; 4.15, q, J 7.2 Hz, OCH2CH3. Mass spectrum mlz 175 (10%), 159 
(45), 115 (98), 89 (15), 87 (39), 86 (14), 71 (81), 69 (13), 43 (100). 
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3 ,3 -( Ethylenedioxy )hexan-1-ol ( 127) 
A solution of the ester (126) (10.1 g, 0.05 mole) in ether (50 ml) was added slowly to 
a solution of lithium aluminium hydride (1.5 g, 0.04 mole) in ether (100 ml) with 
stirring and heating to maintain gentle refluxing of the solution. The mixture was 
heated under reflux for a further 2 h after the addition was completed. Water (50 ml) 
was added slowly (dropwise initially) to the cooled solution and the ether phase was 
separated, washed with water and saturated NaCl solution, dried (Na2S04) and 
evaporated. Distillation of the residue gave 3 ,3-( ethylenedioxy )hexan-1-ol (127) ( 6.9 
g, 86%) as a colourless oil, b.p. 60-64°/0.8 mm Hg (Found: C, 60.0; H 10.0. 
C8H 16o3 requires C, 60.0; H, 10.1 %). 1H n.m.r. 8 0.92, t, J 5.9 Hz, CH2CH3; 
1.22 - 1.62, m, (CH2)2CH3; 1.91, t, J 5;6 Hz, CH2CH20H; 2.84, t, J 5.3 Hz, OH; 
3.64 - 3.93, m, CH20H; 3.98, s, O(CH2)20. Mass spectrum mlz 1'17 (100% ), 115 
(84), 99 (24), 73 (32), 71 (40). 
3,3-(Ethylenedioxy)hexanal (128) 
A solution of the alcohol (127) (16.4 g, 0.1 mole) in dichloromethane (20 ml) was 
added rapidly to a stirred solution of pyridinium chlorochromate91 (32.3 g, 0.15 mole) 
in dichloromethane (200 ml). After stirring 1 h at ambient temperature the mixture was 
poured into ether (500 ml) with vigorous stirring. The resultant mixture was filtered 
through a pad of Celite and the filtrate evaporated. Distillation of the residue gave 
3,3-(ethylenedioxy)hexanal (128) (13.7g, 87%) as a colourless oil, b.p. 54-56°/ 0.7 
mm Hg (Found: C, 60.7; H 9.1. C8H 140 3 requires C, 60.7; H, 8.9%). 1H n.m.r. 
8 0.94, t, J 6.0 Hz, CH2CH 3; 1.24 - 1.67, m, (CH 2)2CH3; 2.72, d, J 3.2 Hz, 
CH2CHO; 4.06, s, O(CH2)20; 9.92, t, J 3.2 Hz, CHO. Mass spectrum mlz 117 
(26%), 115 (100), 99 (11), 73 (13), 71 (41). 
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Ethyl 5 S-( Ethylenedioxy )oct-2-enoate ( 129) 
Ethoxycarbonylmethylenetriphenylphosphorane96 (31.4 g, 0.09 mole) was added to a solution of 
the aldehyde (128) (14.3 g, 0.09 mole) in benzene (100 ml) and the mixture stirred at 
room temperature for 16 h. The solution was concentrated by evaporation of most of 
the solven4 and hexane (200 ml) was then added. The mixture was filtered to remove 
the precipitated triphenylphosphine oxide and the filtrate was evaporated. The residue 
was applied to a 30 x 8 cm silica gel column and eluted with 5% ethyl 
acetate/petroleum spirit. The major fraction gave ethyl 5,5-( ethylenedioxy )oct-2-
enoate (129) (19.3 g, 94%) as a colourless oil, b.p. 110°/0.6 mm (Found: C, 63.3; H 
8.6. C12H 200 4 requires C, 63.1; H, 8.8%). 1H n.m.r. 8 0.91, t, J 5.8 Hz, 
(CH2)2CH3; 1.28, t, J 7.1 Hz, OCH2CH3; 1.34 - 1.69, m, (CH2)2CH3; 2.50, d of 
d, J 7.5 and 1.3 Hz, CH 2CH=CH; 3.94, s, O(CH2)20; 4.18, q, J 7.1 Hz, 
-.. 
OCH2CH3; 5.86, d oft, J 1.2 and 15.6 Hz, CH=CHCOOC2H5; 6.93, d oft, J 15.6 
and 7.5 Hz, CH2CH=CH. Mass spectrum mlz 185 (20%), 115 (100), 71 (23). 
Ethyl 4-Hydroxy-2-oxo-6-[(2-propyl-1,3-dioxolan-2-yl)methyl]-
cyclohex-3-ene-l -carboxylate (130) 
A modification of the method of Anker and Cook85 was used. Ethyl acetoacetate 
(7.8 g, 0.06 mole) was added to a solution of sodium (1.38 g, 0.06 mole) in ethanol 
(15 ml) and the resulting solution was stirred for 30 min. A solution of the ester 
(129) (13.5 g, 0.06 mole) in ethanol (10 ml) was added and the mixture was heated 
under reflux for 24 h. The ethanol was distilled from the mixture, the residual gel was 
dissolved in water (100 ml) and the resulting solution was washed well with ether. 
The aqueous solution was treated with a solution of tartaric acid (10 g, 0.07 mole) in 
water (50 ml) and extracted with ether. The ether solution was washed with water 
then saturated aqueous NaCl solution, dried (MgSO 4) and evaporated to give ethyl 
4-hydroxy-2-oxo-6-[(2-propyl-1,3-dioxolan-2-yl)methyl]cyclohex-3-ene-1-
carboxylate (130) (14.2 g, 76%) which crystallized from toluene as fine colourless 
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prisms, m.p. 118° (Found: C, 61.2; H, 7.7. C16H24o6 requires C, 61.5; H, 7.7%). 
1 H n.m.r. 8 0.90, t, J 8.0 Hz, (CH2)2CH3; 1.27 and 1.29, t, J 7 .1 Hz, OCH2CH3; 
1.36-3.61, several m, (CH 2)2CH3 and CH 2CH(-CHCOOC2H 5)CH2; 3.92, s, 
O(CH2)20; 4.20 and 4.25, q, J 7.1 Hz, OCH2CI-I3; 5.51, s, =CH; 7.53, bs, OH. 
Mass spectrum mlz 313 (M+l, 2%), 312 (M, 1), 270 (25), 269 (100), 223 (69), 183 
(63), 181 (36), 179 (12), 140 (17), 139 (83), 137 (44), 116 (35), 115 (94), 95 (32), 
87 (52), 86 (47), 71 (43), 69 (19), 43 (55). 
Ethyl 2 ,4-Dihydroxy-6-[ (2-propyl-1,3-dioxolan-2-yl)methyl]benzoate (132) 
( oxidation method for acid-sensitive compounds) 
Sodium acetate ( 4.42 g, 0.054 mole) was added to a solution of the 
dihydro-compound (130) (5.70 g, 0.018 mole) in acetic anhydride (6 ml, 0.06 mole) 
and acetic acid (20 ml) and the mixture was heated under reflux for 1 h. The 
suspension was cooled to 12° and a solution of bromine (2.88 g, 0.018 mole) in acetic 
acid (5 ml) was added dropwise with vigorous stirring. After the addition of the 
bromine solution was completed, the mixture was heated under reflux for 1 h. The 
cooled mixture was then added to water (200 ml) and extracted with ether. The ether 
extract was washed well with water, 5% aqueous NaHC03 solution and saturated 
aqueous NaCl solution, dried (MgS04) and evaporated. The crude product was 
dissolved in ethanol (30 ml) and a solution of sodium hydroxide (1.6 g, 0.04 mole) in 
water (5 ml) was added. After 2 hat room temperature, a solution of tartaric acid (6 g, 
0.04 mole) in water (100 ml) was added. The mixture was extracted with ether, 
washed with water then saturated aqueous NaCl soiution, dried (MgS04) and 
evaporated. The crude product was applied to a 15 x 5 cm silica gel column and eluted 
with 15% ethyl acetate/petroleum spirit. The major fraction yielded a solid which 
crystallized from ether/hexane to give ethyl 2,4-dihydroxy-6-[(2-propyl-1,3-
dioxolan-2-yl)methyl]benzoate (132) (4.72 g, 85%) as colourless prisms, m.p. 111 ° 
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(Found: C, 62.0; H, 7.2. C16H22o6 requires C, 61.9; H, 7.1 %). 1H n.m.r. 8 0.93, 
t, J 6.2 Hz, (CH2 )2CH 3; 1.40, t, J 7.1 Hz, OCH2CH 3; 1.42 - 1.65, m, 
(CH2)2CH3; 3.39, s, ArCH2; 3.24 - 3.41 and 3.66 - 3.75, m, O(CH2)20; 4.40, q, 
J 7.1 Hz, OCH2CH3; 6.23, bs, 4-0H; 6.34, AB quartet, J 2.6 Hz, 2 x ArH; 11.06, 
s, 2-0H. Mass spectrum mlz 311 (M+l, 5%), 267 (28), 265 (19), 221 (57), 220 
(18), 167 (25), 165 (21), 150 (15), 121 (30), 116 (61), 115 (100), 71 (52), 69 (20), 
65 (11), 43 (50). 
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5. Preferred Synthesis of Depsides Containing ~ -Ketoalkyl 
Sidechains 
5.1 Depsides containing a P-ketoalkyi sidechain in the B-ring 
The ketal (132) was chosen as the key intermediate in the preparation of A- and B-ring 
precursors for the depsides containing P-ketopentyl groups synthesized in this study. The 
synthesis of this compound, (132), was described in the previous chapter (Scheme 33). 
n 
0 0 n 0 0 
HO OH HO OH 
( 132) ( 133) 
0 
HO OH 
( 134) 
Scheme 34. Syri'thesis of the B-ring precursor, benzyl 2,4-dihydroxy-6-(2-oxopentyl)benzoate (134). 
The base catalysed transesterification of the ethyl ester (132) proceeded smoothly in the 
presence of benzyl alcohol and sodium benzyloxide to give the benzyl ester (133) in a 
good yield (Scheme 34). The yield obtained in this step (73%) was, in fact, better than 
had been anticipated; yields for the analogous reaction using ethyl 2,4-dihydroxy-6-propyl-
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benzoate (30b) and ethyl 2,4-dihydroxy-6-pentylbenzoate (30c) were 34% and 31 % 
re spec ti vel y. 97 
The removal of the ketal protecting group occurred smoothly when (133) was treated with 
a solution of hydrochloric acid in methanol. The resulting keto-ester (134) contained the 
appropriate substitution pattern and was considered to have the required level of protection 
( of the carboxy group) to be a potential B-ring precursor for depside synthesis. It would 
have been possible, of course, to use the ketal (133) instead as the B-ring precursor and 
remove the ketal group after forming the depside ester linkage. However it was considered 
expedient to remove the ketal group prior to the formation of the depside ester given the 
known susceptibility of these esters to undergo hydrolysis by aqueous acids. 
Oxostenosporic acid ( 40), which has a P-ketopentyl group in the B-rin·g only, was chosen 
as the first target molecule. The synthesis of a suitable A-ring precursor, 2-hydroxy-4-
methoxy-6-propylbenzoic acid (135), has been described previously.97 The acid (135) 
and the phenol (134) readily condensed in a toluene solution when treated with 
dicyclohexylcarbodiimide (DCC) to give the required depside ester (136). The synthesis 
was completed when the benzyl protecting group was removed by hydrogenolysis over 
palladium on carbon to give the depside (40) (Scheme 35). This represents the first 
synthesis of a depside containing a P-ketoalkyl side chain in the B-ring. 
A homologous depside, 2-hydroxy-4-(2-hydroxy-4-methoxy-6-pentylbenzoyloxy)-
6-(2-oxopentyl)benzoic acid (139), was synthesized by an analogous route by utilizing 
2-hydroxy-4-methoxy-6-pentylbenzoic acid97 (137) as the A-ring precursor (Scheme 35). 
The synthetic depside (139), named oxoperlatolic acid, is not a known lichen metabolite; it 
was synthesized here in an attempt to confirm the identity of a component of the lichen 
Canoparmelia austroamericana Adler whose chromatographic behaviour suggested it may 
r 
I. 
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have the structure (139). However, comparison of the t.l.c and h.p.l.c. behaviour of the 
natural and synthetic samples clearly indicated that the two compounds were disimilar. 
The identity of the unknown compound remains to be determined. 
R 
COOH HO 
+ 
H3CO OH 
( 135) R=C3H7 
( 137) R=C5H11 
DCC 
R 
co-o 
OH 
( 136 ) R=C3H7 
( 138) R=C5H11 
R 
C0-0 
OH 
( 40) R=C3H7 
( 139) R=C5H11 
OH 
CCXX::H2Ph 
C3H7 
0 ( 134) 
OH 
0 
OH 
COOR 
0 
Scheme 35. Synthesis of oxostenosporic acid (40) and oxoperlatolic acid (139). 
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5.2. Depsides containing a ~-ketoalkyl sidechain in the A-ring 
The ketal (132) was selectively monomethylated by treatment with potassium carbonate 
and one equivalent of dimethyl sulphate to give (140). The ester (140) was subsequently 
hydrolysed by aqueous potassium hydroxide in dimethyl sulphoxide to give 2-hydroxy-4-
methoxy-6-[ (2-propyl-1,3-dioxolan-2-yl)methyl]benzoic acid (141) (Scheme 36). This 
compound has a substitution pattern appropriate to a potential A-ring precursor for depside 
synthesis. This acid (141) was also obtained from the previously prepared benzyl ester 
(133). Thus monornethylation of the benzyl ester (133) in the manner used above for the 
ethyl ester gave (142). The acid (141) was obtained after hydrogenolysis of the benzyl 
group (Scheme 36). 
While the susceptibility of the corresponding ~-keto acids to undergo ·cylodehydration to 
form isocoumarins was well known52 and was reported in Chapter 3, it had been 
anticipated that the ketal (141) would be a stable compound. However, this proved not to 
be the case. 
The acid (141), prepared by either of the above methods, was isolated as an oil which 
crystallized after standing for a prolonged period. The 1 H n.m.r. spectrum and t.l.c. 
analysis of the crystalline product were significantly different from those of the oil. While 
this data indicated that it was not the required acid (141), elemental analysis and the mass 
spectrum indicated that it was an isomeric compound. 
The 1 H n.m.r. spectrum of the crystalline product did not contain the two distinctive 
multiplets at around 8 3.6 and 3.8 which were characteristic of the cyclic ethylene ketal 
group in the spectra of the aromatic molecules which contained this moiety, including the 
acid (141); instead a single multiplet at 8 3.7 was present. In addition, the chemical shifts 
of the ArCH2 and CH2CiH5 signals indicated that a keto group was not present in the 
HO OH 
( 132) 
n 
0 0 
OH 
( 140) 
( 141) 
HO 
( 133) 
COOH 
OH 
78 
COOCH2Ph 
OH 
OH 
( 142) 
Scheme 36. Synthesis of 2-hydroxy-4-methoxy-6-[(2-propyl-1,3-dioxolan-2-yl)methyl]benzoic acid (141). 
sidechain. This compound was also found to be unreactive in an attempted condensation 
with the phenol, benzyl 2,4-dihydroxy-6-propylbenzoate97 (143), indicating that a free 
carboxy group was not present. On the basis of this behaviour and its spectral properties, 
the lactone structure (144) was assigned to this compound. The transformation of the acid 
1' I 
I 
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(141) into the lactone (144) can be interpreted as a transketalization autocatalysed by the 
carboxy group. 
n 
0 0 
COOH 
OH 
0 HCOOH 0 
OH OH 
( 144) ( 66) 
0 
COOH 
0 + 
OH OH 
( 145) ( 146) 
Scheme 37. Isomerization of 2-hydroxy-3-methoxy-6-[ (2-propyl-1,3-dioxolan-2-yl)meth yl]-
benzoic acid (141). 
The structure (144) was confirmed by treating this compound with formic acid; as 
expected, the isocoumarin glomellin (66) was obtained as the only product (Scheme 37). 
I 
I 
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Additionally, the lactone (144) was treated with aqueous hydrochloric acid in methanol in 
an attempt to conven it to the keto acid (146). However the methoxy lactone (145), 
formed by acid catalysed transketalization, was the major product obtained under these 
conditions. The acid (146) was the only product obtained when the hydrolysis was 
repeated using dioxan as the sovent in place of methanol (Scheme 37). 
The above observation is a further demonstration of the propensity of ortho-~-ketoalkyl 
acids to undergo cycliz.ation; in this case the carboxylic acid group being sufficient to effect 
the cleavage of the ketal moiety. Nevenheless, the crude 2-hydroxy-3-methoxy-6-[(2-
propyl-1,3-dioxolan-2-yl)methyl]benzoic acid (141) was found to be a suitable A-ring 
precursor for the synthesis of ~-ketopentyl depsides, provided that it was used 
immediately after preparation, before an appreciable amount of isomerism had taken place. 
Thus loxodellic acid ( 41) was synthesized in the following manner. The freshly prepared 
acid (141) and B-ring precursor, benzyl 2,4-dihydroxy-6-propylbenzoate97 (143), were 
condensed in the presence of dicyclohexylcarbodiimide (DCC) to form the depside ester 
(147). Selective hydrolysis of the ketal (147) occurred rapidly and smoothly in the 
presence of aqueous hydrochloric acid to yield the ketoester (148) (Scheme 38). As 
anticipated, hydrolysis of the depside ester was not observed under the mild conditions 
employed to remove the ketal protecting group. Hydrogenolysis of the benzyl ester (148) 
proceeded smoothly to complete the synthesis of the depside (41). Glomelliferic acid (43) 
was prepared in a similar manner by utilizing benzyl 2,4-dihydroxy-6-pentylbenzoate97 
(149) as the B-ring precursor (Scheme 38). 
The synthesis of 4-0-demethylloxodellic acid ( 42) illustrates the versatility of this new 
synthetic route. 
n 
0 0 
COOH HO 
+ 
OH 
( 141) 
DCC 
OH 
R 
0 
OH 
R 
0 
R 
81 
OH 
R ( 143) R=C3H7 
( 149) R=C5H11 
OH 
OH 
OH 
COOH 
( 147) R=C3H7 
( 150) R=C5H11 
( 148) R=C3H7 
( 151) R=C5H11 
( 41) R=C3H7 
( 43) R=CsH 11 
Scheme 38. Synthesis of loxodellic acid (41) and glomelliferic acid (43). 
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The ketal (132) was dibenzylated by treatment with benzyl bromide in the presence of 
potassium carbonate to give ethyl 2,4-dibenzyloxy-6-((2-propyl-1,3-dioxolan-2-yl) -
methyl]benzoate (152). This compound (152) was subsequently hydrolysed to form the 
potential A-ring precursor, 2,4-dibenzyloxy-6-((2-propyl-1,3-dioxolan-2-yl)methyl] -
benzoic acid (153) (Scheme 39). 
n n 0 0 0 0 
C3H7 C3H7 
COOEt COOEt 
PhCH2Br 
K2C03 
HO OH PhCH20 OR 
( 132) 
( 152) R=CH2Ph 
( 154) R=H 
-.. 
n 
0 0 
C3H7 
1.-oH COOH 
2. H30+ 
PhCH20 OR 
( 153) R=CH2Ph 
( 155) R=H 
Scheme 39. Synthesis of 2,4-dibenzyloxy-6-[ (2-propy 1-1,3-dioxolan-2-yl)methyl]benzoic acid (153) 
and 4-benzyloxy-2-hydroxy-6-[(2-propyl-1,3-dioxolan-2-yl)methyl]benzoic acid (155). 
In contrast to the instability of the monomethoxy compound (141), the dibenzyloxy 
derivative (153) proved to be very stable, showing no tendency to undergo cyclization. 
The stability of the latter compound can be attributed to the presence of the bulky 
2-benzyloxy group forcing the carboxy group out of the plane of the ring; with the carboxy 
group in this position the molecule cannot achieve a configuration favourable to cyclization 
(i.e. one in which the carboxy and ketal groups are in proximity). However, it was found 
n 
0 0 
COOH HO 
+ 
OH 
( 155) DCC 
OH 
0 
OH 
0 
HO OH 
R 
R 
R 
R 
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( 143) R=C3H7 
( 149) R=CsH11 
OH 
OH 
OH 
COOH 
( 156 ) R=C3H7 
( 158 ) R=CsH 11 
( 157 ) R=C3H7 
( 159) R=C5H11 
( 42) R=C3H7 
( 44) R=CsH 11 
Scheme 40. Synthesis of 4-0-demethylloxodellic acid (42) and 4-0-demethylglomelliferic acid (44). 
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that the reduced reactivity of the dibenzyloxy compound (153) adversely affected the yield 
in the subsequent condensation step. Hence the monobenzyloxy derivative, 4-benzyloxy-
2-hydroxy-6-[ (2-propyl-1,3-dioxolan-2-yl)methyl]benzoic acid (155), was considered as 
an alternative potential A-ring precursor. As expected, this compound displayed similar 
reactivity and propensity to undergo cyclization as the monomethoxy derivative (141). 
Thus condensation of the freshly prepared 4-benzyloxy-2-hydroxy-6-[ (2-propyl-1,3-
dioxolan-2-yl)methyl]benzoic acid (155) with benzyl 2,4-dihydroxy-6-propylbenzoate 
(143) gave the depside ester (156) in good yield. Hydrolysis of the ketal protecting 
group as before, followed by hydrogenolysis of the benzyl ester and benzyl ether groups 
produced the required depside, 4-0-demethylloxodellic acid ( 42) (Scheme 40). 
4-0-Demethylglomelliferic acid (44) was prepared in a similar manner by utilizing benzyl 
2,4-dihydroxy-6-pentylbenzoate (149) as the B-ring precursor (Scheme 40). 
5.3 Depsides containing P-ketoalkyl sidechains in both A- and B-rings 
The synthesis of glomellic acid (56), a depside which contains P-ketopentyl groups in 
both A- and B-rings, was the ultimate challenge. However, given the success of the 
syntheses of the previous depsides, the synthesis of glomellic acid (56) was expected to be 
relatively straightforward. This was the case. 
Thus A- and B-ring precursors containing the P-ketopentyl sidechains (141) and (134) 
were condensed in the presence of DCC to give the depside ester (160) (Scheme 41). 
Hydrolysis of the ketal protecting group and subsequent hydrogenolysis of the benzyloxy 
ester yielded glomellic acid (56). 
,. 
C3H7 
COOH 
+ 
RO OH 
( 141) R=CH3 
( 155) R=CH2Ph 
RO OH 
0 
RO OH 
0 
RO OH 
HO 
DCC 
0 
OH 
OH 
0 
OH 
COOR 
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OH 
COOCH2Ph 
C3H7 
( 134) 
( 160) R=CH3 
( 162) R=CH2Ph 
( 161) R=CH3 
( 163 ) R=CH2Ph 
( 56) R=CH3 
( 57) R=H 
Scheme 41. Synthesis of glomellic acid (56) and 4-0-demethylglomellic acid (57). 
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4-0-Demethylglomellic acid (57) was prepared in a similar manner to glomellic acid (56) 
by utilizing 4-benzyloxy-2-hydroxy-6-((2-propyl-l ,3-dioxolan-2-yl)methyl]benzoic acid 
(155) as the A-ring precursor (Scheme 41). 
This route has also been extended recently to the synthesis of 4-0-demethylmicrophyllinic 
acid (59), a depside which contains ~-ketoheptyl sidechains in both A- and B-rings.98 
co-o 
OH 
( 40a) 
co-o 
OH 
( 40) 
C0-0 
OH 
(40b) 
HO 
0 
0 
OH 
COOH 
0 
OH 
0 
0 
Scheme 42. Tautomerism of oxostenosporic acid (40) 
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5.4 Spectral characteristics of ~-ketoalkyl depsides 
In addition to providing structural confirmation, the synthesis of these depsides has also 
enabled the study of their spectra for the first time. For example, the structure of 
oxostenosporic acid (40), extracted from the lichen Parmelia verrucullifera, had been 
determined only by microhydrolysis of a small sample of lichen extract and comparative 
t.l.c. of the hydrolysis products. 99 
The 1H n.m.r. spectra of the depsides containing a ~-ketoalkyl sidechain in the B-ring, i.e. 
( 40), (139), (56) and (57), all displayed a broad singlet between 8 3.20 and 8 3.40 
which was assigned to the hydrogens of the Cl methylene group of the B-ring 2-oxopentyl 
sidechain. That such a signal is broad and occurs at such a high field ( c.f. the 
corresponding benzyl esters where the signal of the corresponding group occurs as a sharp 
singlet at 8 3.93) can be explained by rapid ring-chain tautomerism between 
hydroxylactone and acid tautomers. This is illustrated in Scheme 42 using oxostenosporic 
acid ( 40) as the example. 
0 
HO 0 
( 164) 
0 
OH 
COOH 
- C5H11 
The existence of such tautomerism in compounds with similar structures has been 
observed previously by Elix, Ferguson and Sargent102 in their study of the srructure of the 
depsidone alectoronic acid (164). The corresponding methylene group of this depsidone 
exhibits a very broad peak centred about 8 3.7. On cooling to -40° the rate of 
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tautomerism was reduced sufficiently to resolve the signal of this group to an AB quartet 
centred at 8 3.33 and 3.70 with a geminal coupling constant of 16Hz. 
HO 
( 165) 
0 
( 167) 
~o C :,,-
0 
OH 
+· 
+ 
HO 
+· 
+· 
COOH 
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+· 
COOH 
OH 
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( 168) 
Scheme 43. Principal mass spectral fragmentation of the depsides. 
+· 
0 
OH 
89 
Apart from the abovementioned tautomerism, the 1H n.m.r. spectra of the depsides did not 
display any anomalies; the spectra of depsides and their precursors with similar 
substituents displayed similar chemical shifts for the corresponding groups. 
The principal fragments in the electron impact mass spectra of these compounds resulted 
from the concened cleavage of the depside ester bond, giving an A-ring fragment (165) 
and a B-ring fragment (166) (Scheme 43), with the A-ring fragment generally being 
predominant. For those depsides with a ketopentyl sidechain on the B-ring a significant 
ion at mlz 220 (often the base peak) representing the fragment (168) was present in 
addition to the B-ring fragment (167) (m/z 238). 
5.5 Experimental 
General experimental details are reported in Chapter 2 (page 43). 
Benzyl 2,4-Dihydroxy-6-[(2-propyl-1,3-dioxolan-2-yl)methyl]benzoate (133) 
Ethyl 2,4-dihydroxy-6-((2-propyl-1,3-dioxolan-2-yl)methyl]benzoate (132) (3.10 g, 10 
mmole) was added to a solution of sodium (0.30 g, 13 mmole) in benzyl alcohol (20 ml) 
and the stirred mixture was heated to 130° in an atmosphere of nitrogen for 16 h. The 
cooled solution was added to a O. lM aqueous sodium hydroxide solution (200 ml) and the 
resulting mixture was extracted with ether. The ether extracts were washed well with 
-
O. lM aqueous sodium hydroxide solution then discarded. Tartaric acid was added to the 
combined aqueous solutions until a pH of about 5 was obtained. The mixture was then 
extracted with ether and the ethereal solution was washed with w&ter and saturated aqueous 
NaCl solution, dried (MgS04) and evaporated. The crude product was applied to a 20 x 5 
cm column of silica gel and eluted with 10% ethyl acetate/petroleum spirit. Benzyl 
2,4-dihydroxy-6-[(2-propyl-1,3-dioxolan-2-yl)methyl]benzoate (133) (2.70 g, 73%) was 
I 
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obtained as the only major product. The product crystallized from ether/hexane as 
colourless prisms, m.p. 95-6° (Found: C, 67.0; H, 6.7. ~ 1H24o6 requires C, 67.7; H, 
6.5%). 1H n.m.r. 8 0.80, t,J 6.1 Hz, CH2CH3; 1.21 - 1.47, m, (CH2)2CH3; 3.28, s, 
ArCH2; 3.19 - 3.36 and 3.62 - 3.71, m, O(CH2)20; 5.33, s, OCH2C6H5; 6.32, AB 
quartet, J 2.4 Hz, 2 x ArH; 6.40, bs, 4-0H; 7 .40, m, C6H5; 11.00, s, 2-0H. Mass 
spectrum mlz 150 (3%), 115 (100), 91 (67), 71 (31), 65 (14), 43 (41). 
Benzyl 2,4-Dihydroxy-6-(2-oxopentyl)benzoate (134) 
A solution of SM aqueous hydrochloric acid was added dropwise to a solution of the ester 
(133) (3.86 g,10 mmole) in methanol (20 ml) until the solution became cloudy, then a few 
drops of methanol were added to restore the clear colourless solution. After standing for 
2 h at room temperature, water (10 ml) was added and the precipitated product was 
collected. The product crystallized from aqueous methanol to yield benzyl 2 ,4-dihydroxy-
6-(2-oxopentyl )benzoate (134) (3.04 g, 89%) as colourless prisms, m.p. 102-4° (Found: 
C, 69.5; H, 6.4. C19H20o5 requires C, 69.5; H, 6.1 %). 1H n.m.r. 8 0.76, t, J 6.7 Hz, 
CH2CH3; 1.24 - 1.53, m, CH2CH3; 2.00, t, J 7.2 Hz, CH2C2H5; 3.83, s, ArCH2CO; 
5.24, s, OCH2C6H 5; 6.03, d, J 2.5 Hz, H3; 6.25, d, J 2.5 Hz, H5; 6.92, bs, 4-0H; 
7.37, s, C6H 5 ; 11.57, s, 2-0H. Mass spectrum mlz 328 (M, 3%), 262 (15), 240 (33), 
150 (13), 115 (46), 91 (100), 71 (26). 
Ethyl 2-Hydroxy-4-methoxy-6-{(2-propyl-1,3-dioxolan-2-yl)methyl]benzoate (140) 
Anhydrous potassium carbonate (1.38 g, 10 mmole) and dimethyl sulphate (0.63 g, 5 
mmole) were added to a solution of ethyl 2,4-dihydroxy-6-[(2-propyl-1,3-dioxolan-2-
yl)methyl]benzoate (132) (1.37 g, 5 rnmole) in acetone (20 ml). The mixture was stirred 
at room temperature for 4 h, filtered, and the solid residue was washed well with acetone. 
The combined acetone solution was evaporated and the crude mixture (containing mainly 
the product with a trace of starting material and dimethoxy compound) was applied to a 30 
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x 5 cm silica gel column and eluted with 10% ethyl acetate/petroleum spirit. The principal 
band yielded ethyl 2-hydroxy-4-methoxy-6-[(2-propyl-1,3-dioxolan-2-yl)methyl] benzoate 
(140) (1.03 g, 72%) as a very pale yellow oil (Found: C, 62.8; H, 7.5. C17H 240 6 
requires C, 63.0; H, 7.5%). 1H n.m.r. 8 0.92, t, J 5.7 Hz, (CH2)2CH 3; 1.40, t, J 7.1 
Hz, OCH2CH3; 1.51 - 1.59, m, (CH2)2CH3; 3.88, s, ArCH2; 3.22 - 3.51 and 3.61 -
3.79, m, O(CH2)20; 3.79, s, OCH3; 4.39, q, 17.1 Hz, OCH2CH3; 6.38, s, 2 x ArH; 
11.11, s, OH. Mass spectrumm/z 324 (M, <1%), 234 (5), 116 (9), 115 (100), 71 (10). 
Benzyl 2-Hydroxy-4-methoxy-6-[ (2-propyl-1,3-dioxolan-2-yl)methyl]benzoate ( 142) 
Benzyl 2,4-dihydroxy-6-[ (2-propyl-1,3-dioxolan-2-yl)methyl]benzoate (133) ( 1.86 g, 5 
mmole) was methylated by treatment with dimethyl sulphate and potassium carbonate 
following the procedure described above for the methylation of the ethyl ester (132). The 
crude residue crystallized from ethyl acetate/hexane to give benzyl 2-hydroxy-4-methoxy-
6-[(2-propyl-1,3-dioxolan-2-yl)methyl}benzoate (142) (1.64 g, 85%) as colourless 
prisms, m.p. 80° (Found: C, 68.4; H, 7 .1. C22H26o6 requires C, 68.4; H, 6.8% ). 1 H 
n.m.r. 8 0.80, t, I 6.3 Hz, CH2CH3; 1.31 - 1.41, m, (CH 2)2CH3; 3.92, s, ArCH2; 
3.25 - 3.34 and 3.59 - 3.68, m, O(CH2)20; 3.77, s, OCH3; 5.34, s, OCH 2C6H 5; 
6.37, s, 2 x ArH; 7.40, s, C6H5; 10.97, s, OH. Mass spectrum mlz 164 (4%), 116 (7), 
115 (100), 91 (22), 71 (10). 
2-Hydroxy-4-methoxy-6-[(2-propyl-1,3-dioxolan-2-yl)methyl}benzoic Acid (141) 
1. Hydrolysis of Ethyl 2-Hydroxy-4-methoxy-6-[(2-propyl-1 ,3-dioxolan-2-yl)-
methyl}benzoate (140) 
A solution of sodium hydroxide (0.20 g, 5 mmole) in water (1 ml) was added to a solution 
of the ester (140) (0.32 g, 1 mmole) in dimethyl sulphoxide (5 ml) and the mixture was 
stirred at 90° for 16 h. The resulting solution was cooled then added to a solution of 
tartaric acid (0.60 g, 6 mmole) in water (100 ml) and extracted with ether. The ether 
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solution was washed with water and saturated NaCl solution, dried (N~S04), and 
evaporated to give 2-hydroxy-4-methoxy-6-{ (2-propyl-1,3-dioxolan-2-yl )methyl] benzoic 
acid (141) (0.27 g, 95%) as a colourless oil (Found: C, 60.7; H, 6.9. C15H200 6 
. . 
requrres C, 60.8; H, 6.8%). 1 H n.m.r. 8 0.94, t, J 6.3 Hz, CH2CH3; 1.41 - 1.77, m, 
(CH2)2CH3; 3.34, s, ArCH2; 3.42 - 3.68 and 3.70 - 3.95, m, O(CH2)20; 6.42, s, 2 x 
ArH. Mass spectrum mlz 296 (M, 3%), 235 (38), 234 (26), 164 (46), 115 (100), 71 
(25). 
2. Hydrogenolysis of Benzyl 2-Hydroxy-4-methoxy-6-{(2-propyl-1,3-dioxolan-2-yl)-
methyl]benzoate (142) 
Palladium on carbon (10%, 20 mg) was added to a solution of benzyl 2-hydroxy-4-
rnethoxy-6-[(2-propyl-1,3-dioxolan-2-yl)~ethyl]benzoate (142) (1.93 g, 5 mmole) in 
ethyl acetate (20 ml) and the mixture was stirred vigorously in an atmosphere of hydrogen 
2 h. The catalyst was filtered from the mixture and the filtrate evaporated to give the 
product (141) (1.43 g, 97%) as a colourless oil, identical to the material obtained above. 
8-Hydroxy-3-(2-hydroxyethoxy )-6-methoxy-3-propyl-3H-isocoumarin ( 144) 
A sample of 2-hydroxy-4-methoxy-6-[(2-propyl-1,3-dioxolan-2-yl)methyl]benzoic acid 
(141) solidified after standing for two weeks. The solid material crystallized from toluene 
to give 8-hydroxy-3-(2-hydroxyethoxy )-6-methoxy-3-propyl-3H-isocoumarin (144) as 
fine colourless prisms, m.p. 100° (Found: C, 60.9; H, 7 .1. C15H200 6 requires C, 60.8; 
H, 6.8%). 1H n.m.r. 8 0.98, t, J 6.4 Hz, CH2CH3; 1.24 - 1.58, m, CH2CH3; 1.84 -
1.98, m, CH2C2H5; 3.08, s, ArCH2; 3.55 - 3.79, m, O(CH2)20; 6.25, d, 1 2.3 Hz, 
H7; 6.35, d, J 2.3 Hz, HS; 11.13, s, ArOH. Mass spectrum mlz 296 (M, 3%), 235 
(38), 234 (26), 164 (46), 115 (100), 71 (25). 
Hydrolysis of 8-Hydroxy-3-(2-hydroxyethoxy )-6-methoxy-3-propyl-3H-
isocoumarin ( 144) 
1. With Hydrochloric Acid in Methanol 
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5M Hydrochloric acid (0.5 ml) was added dropwise to a solution of 8-hydroxy-3-(2-
hydroxyethoxy)-6-methoxy-3-propyl-3H-isocoumarin (144) (300 mg, 1 mmole) in 
methanol (2 ml). A precipitate formed after a short time and after 2 h water (1 ml) was 
added to the mixture. After standing a further 10 min to allow complete precipitation, the 
mixture was filtered. Crystallization of the product from methanol yielded 3 ,6-dimethoxy-
8-hydroxy-3 -propyl-3 H -isocoumarin (145) (154 mg, 58%) as fine colourless needles, 
m.p. 97° (Found: C, 62.6; H, 7.1. C14H18o5 requires C, 63.1; H, 6.8%). 1H n.m.r. 8 
0.99, t, J 6.4 Hz, CH2CH 3; 1.39 - 1.59, m, CH2CH3; 1.83 - 1.99, m, CH2C2H5; 
3.05, s, ArCH2; 3.34, s, 3-0CH3; 3.81, s, 6-0CH3; 6.27, d, J 2.6 Hz, H7; 6.35, d, J 
2.6 Hz, HS; 11.19, s, OH. Mass spectrum mlz 266 (M, 100%), 248 (94), 235 (86), 234 
(77), 223 (76), 220 (62), 219 (77), 205 (64), 195 (74), 164 (92). 
The filtrate from the crystallization of the above product was evaporated and the residue 
was applied to a 2 mm Chromatotron plate and eluted with 20% ethyl acetate/petroleum 
spirit. Two bands developed, the first yielded further lactone (145) (16 mg, 6%) and the 
slower band gave 2-hydroxy4-methoxy-6-(2-oxopentyl)benzoic acid (146) (35 mg, 14%) 
which crystallized from methanol as colourless prisms, m.p. 141 ° (Found: C, 61.7; H, 
6.4. C13H 160 5 requires C, 61.9; H, 6.4%). 1H n.m.r. 8 0.99, t, J 6.6 Hz, CH2CH3; 
1.41 - 1.70, m, CH2CH3; 1.81 - 2.05, m, CH2C2H5; 2.94 and 3.21, AB quartet, J 6.9 
Hz, ArCH2; 3.82, s, OCH3; 6.29, d, J 2.2 Hz, H3; 6.37, d, J 2.2 Hz, HS; 11.15, s, 
ArOH. Mass spectrum mlz 252 (M, 35%), 234 (30), 209 (11), 208 (16), 181 (20), 165 
(30), 164 (100), 135 (17), 71 (54). 
I· 
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2. With Hydrochloric Acid in 1,4-Dioxane 
The above hydrolysis was repeated using 1,4-dioxane as solvent in place of methanol. 
The precipitated product was filtered and crystallized from methanol to give the acid (146) 
(207 mg, 82%) as the only product 
8-Hydroxy-6-methoxy-3-propylisocoumarin (Glomellin) ( 66) 
A solution of 3,6-dimethoxy-8-hydroxy-3-propyl-3H-isocoumarin (145) (54 mg, 0.2 
mmole) in formic acid (2 ml) was refluxed for 1 h. Evaporation of the solvent gave 
8-hydroxy-6-methoxy-3-propylisocoumarin (66) (46 rng, 98%) which crystallized from 
methanol as colourless prisms, m.p. 80-2° (lit. 104 84-5°) (Found: C, 66.7; H, 6.4. 
C13H 140 4 requires C, 66.7; H, 6.0%). 1H -n.m.r (CDC13) 8 0.98, t, J 7.2 Hz, CH2CH3; 
1.72, sextet, J 7.2 Hz, CH2CH3; 2.47, t, 17.2 Hz, CH2C2H5; 3.85, s, OCH3; 6.17, s, 
ArCH; 6.30, d, J 2.3 Hz, H7; 6.45, s, J 2.3 Hz, HS. Mass spectrum mlz 235 (M+ 1, 
19%), 234 (M, 100), 191 (33), 177 (37), 164 (41), 135 (41). 
Ethyl 2,4-Dibenzyloxy-6-[(2-propyl-1,3-dioxolan-2-yl)methyl]benzoate (152) 
Anhydrous potassium carbonate (1.7 g, 12 mmole) and benzyl bromide (1.03 g, 6 mmole) 
were added to a solution of ethyl 2,4-dihydroxy-6-[(2-propyl-1,3-dioxolan-2-yl)methyl]-
benzoate (132) (0.93 g, 3 mmole) in acetone (10 ml) and the mixture stirred at room 
temperature for two days. The mixture was filtered and the solid residue was washed well 
with acetone. Evaporation of the filtrate gave ethyl 2 ,4-dibenzyloxy-6-[(2-propyl-1,3-
dioxolan-2-yl)methyl]benzoate (152) (1.38 g, 94%) which crystallized from ethanol as 
colourless prisms, m.p. 76.5° (Found: C, 73.2; H, 7.3. C30H340 6 requires C, 73.5; H, 
7.0%). 1H n.m.r (CDC13) 8 0.88, t, J 6.3 Hz, (CH2 )2CH 3 ; 1.27, t, J 7.1 Hz, 
OCH2CH3; 1.43 - 1.58, m, (CH2)2CH3; 3.03, s, ArCH2; 3.55 - 3.64 and 3.71 - 3.80, 
m, O(CH2)20; 4.30, q, J 7.1 Hz, OCH2CH3; 5.04, s, 2 x OCH 2C6Hs; 6.48, d, f 
I, 
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2.3 Hz, H3; 6.58, d, J 2.3 Hz, HS; 7.36, s, 2 x C6H5. Mass spectrum mlz 445 (3%), 
116 (9), 115 (100), 91 (55), 71 ( 6), 65 (5), 43 (9). 
2,4-Dibenzyloxy-6-[(2-propyl-1,3-dioxolan-2-yl)methyl]benzoic Acid (153) 
The ester (152) (0.24 g, 0.5 mmole) was hydrolysed by the procedure used for the 
hydrolysis of (140) above. In this case the mixture was stirred at 90° for 24 h before 
workup. 2 ,4-Dibenzyloxy-6-{ (2-propyl-1,3-dioxolan-2-yl)methyl]benzoic acid (153) 
(0.21 g, 93%) crystallized from ether/hexane as fine colourless prisms, m. p. 86-7° 
(Found: C, 72.4; H, 6.7. C28H30o6 requires C, 72.7; H, 6.5%). 1H n.m.r. (CDC13) 8 
0.88, t, J 6.1 Hz, CH3; 1.42 - 1.66, m, (CH2)2CH3; 3.12, s, ArCH2; 3.34 - 3.43 and 
3.68 - 3.76, m, O(CH2)20; 5.04, s, 2-0CH2C6H5; 5.07, s, 4-0CH2C6H5; 6.53, s, 2 x 
ArH; 7.35, s, 2 x C6H5. Mass spectrum mlz 462 (M, 1 %), 400 (8), 310 (5), 116 (8), 
115 (100), 92 (9), 91 (92), 71 (6). 
Ethyl 4-Benzyloxy-2-hydroxy-6-{(2-propyl-1,3-dioxolan-2-yl)methyl]benzoate (154) 
By a modification of the method used to prepare the dibenzyloxy compound (152) above, 
anhydrous potassium carbonate (0.9 g, 6 mmole) and benzyl bromide (0.52 g, 3 mmole) 
were added to a solution of (132) (0.93 g, 3 mmole) in acetone (10 ml) and the mixture 
stirred at room temperature for 16 h. The mixture was filtered, the filtrate was evaporated 
and the residue was applied to a 15 x 5 cm silica gel column and was eluted with 5% ethyl 
acetate/petroleum spirit. The principal band gave ethyl 4-benzyloxy-2-hydroxy-6-{(2-
propyl-1,3-dioxolan-2-yl)methyl]benzoate (154) (1.03 g, 86%) as a colourless oil 
(Found: C, 68.9; H 7.0. Ci3H28o6 requires C, 69.0; H, 7.0%). 1H n.m.r. (CDC13) 8 
0.91, t, J 6.0 Hz, (CH2 ) 2CH 3; 1.40, t, J 7.2Hz, OCH2CH 3; 1.54 - 1.67, m, 
(CH 2)2CH3; 3.37, s, ArCH2; 3.28 - 3.48 and 3.50 - 3.78, m, O(CH2)20; 4.39, q, 
J 7.2 Hz, OCH2CH3; 5.05, s, OCH2C6H5; 6.46, s, 2 x ArH; 7.37, s, C6H5; 11.01, 
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s, OH. Mass spectrum mlz 400 (M, 2%), 357 (41), 355 (15), 311 (40), 220 (12), 121 
(14), 120 (20), 117 (14), 116 (72), 115 (100), 92 (40), 91 (84), 71 (56). 
4-Benzyloxy-2-hydroxy-6-[ (2-propyl-1,3-dioxolan-2-yl)methyl] benzoic Acid ( 155) 
The ester (154) (0.40 g, 1 mmole) was hydrolysed by the procedure used for the 
hydrolysis of the 4-methoxy compound (140). 4-Benzyloxy-2-hydroxy-6-[ (2-propyl-
1,3-dioxolan-2-yl)methyl]benzoic acid (155) (0.35 g, 94%) was obtained as a colourless 
oil (Found: C, 68.1; H 6.2. Ci1H240 6 requires C, 67.7; H, 6.5%). 1H n.m.r. (CDC13) o 
0.93, t, 1 6.0 Hz, CH2CH3; 1.37 - 1.76, m, (CH2)2CH3; 3.30, s, ArCH2; 3.46 - 3.63 
and 3.64 - 3.92, m, O(CH2)20; 5.07, s, OCH2C6H 5; 6.50, s, 2 x ArH; 7.37, s, C6H 5. 
Mass spectrum mlz 372 (M, <1 %), 311 (6), 115 (40), 91 (100). 
Synthesis of depside esters 
N,N-Dicyclohexylcarbodiimide (0.23 g, 1.1 mmole) was added to a solution of the 
appropriate A-ring precursor (135), (137), (141) or (155) (1 mmole) and B-ring 
precursor (134), (143) or (149) (1 mmole) in anhydrous toluene (5 ml). The solution 
was stirred at room temperature for 4 h, filtered to remove the precipitated 
N,N-dicyclohexylurea and the solvent was removed under reduced pressure. The residue 
was applied to a silica gel Chromatotron plate (2 mm thickness) and eluted with 10% ethyl 
acetate/petroleum spirit. Two major bands usually developed; the faster moving band gave 
the depside ester and the slower moving band gave a small amount of recovered ester, 
(134), (143) or (149). 
Be!J.zyl Oxostenosporate (136) 
This compound was prepared by the condensation of (135) and (134 ). The product 
(136) crystallized from hexane as very fine colourless needles (52%) m.p. 95-6° (Found: 
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C, 68.8; H, 6.3. C3oH320 8 requires C, 69.2; H, 6.2%). 1H n.m.r. (CDC13) 8 0.78, t, J 
6.8 Hz, CH2CH3 (B-ring); 0.93, t, J 7 .1 Hz, CH2CH3 (A-ring); 1.25 - 1.70, m, 2 x 
CH2CH3; 2.03, t, J 7.2 Hz, COCH2C2H5; 2.93, t, J 8.0 Hz, ArCH2C2H5; 3.82, s, 
OCH3; 3.94, s, ArCH2CO; 5.30, s, OCH2C6H5; 6.36, s, H3 and H5; 6.49, d, J 2.4 
Hz, H3'; 6.81, d, J 2.4 Hz, H5'; 7.39, s, C6H5; 11.27, s, 2-0H; 11.43, s, 2'-0H. 
Mass spectrum mlz 328 (3%), 310 (2), 258 (5), 240 (47), 220 (7), 150 (14), 91 (100), 
71 (17), 43 (17). 
Benzyl 2-hydroxy-4-(2-hydroxy-4-methoxy-6-pentylbenzoyloxy )-6-
(2-oxopentyl )benzoate (138) 
(Benzyl Oxoperlatolate) 
This compound was prepared by the condensation of (137) and (134). The product 
(138) crystallized from hexane as small fine colourless needles (67%) m.p. 89° (Found: 
C, 69.9; H, 7.0. C32H36o8 requires C, 70.1; H, 6.6%). 1H n.m.r. (CDC13) 8 0.74 -
0.94, m, 2 x CH2CH3; 1.19 - 1.65, m, (CH2)3CH3 (A-ring) and CH2CH3 (B-ring); 
2.03, t, J 7.2 Hz, COCH 2C2H 5; 2.94, t, J 8.0 Hz, ArCH 2C4H9; 3.82, s, OCH3 ; 
3.93, s, ArCH2CO; 5.30, s, OCH2C6H5; 6.36, s, H3 and HS; 6.48, d, J 2.3 Hz, H3'; 
6.80, d, J 2.3 Hz, HS'; 7.39, s, C6H 5; 11.25, s, 2-0H; 11.41, s, 2'-0H. Mass 
spectrum mlz 440 (1 %), 328 (2), 240 (26), 220 (25), 164 (11), 150 (19), 92 (11), 91 
(100), 79 (10), 71 (25), 65 (11). 
Benzyl 4-[2-Hydroxy-4-methoxy-6-{ (2-propyl-1,3-dioxolan-2-yl)methyl}-
benzoyloxy ]-2-hydroxy-6-propylbenzoate ( 147) 
(Benzyl Loxodellate Ethylene Ketal) 
This compound was prepared by the condensation of (141) and (143).. The product 
(147) was obtained as a colourless gum ( 43%) (Found: C, 67 .8; H, 6.6. C32H360 9 
requires C, 68.1; H, 6.4%). 1H n.m.r. (CDC13) 8 0.74, t, J 7.6 Hz, CH2CH3 (B-ring); 
0.86, t, J 6.9 Hz, CH2CH3 (A-ring); 1.16 - 1.73, m, (CH2)2CH3 (A-ring) and CH2CH3 
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(B-ring); 2.84, t, J 3.4 Hz, ArCH2C2H5; 3.19 - 3.45 and 3.65 - 3.85, m, O(CH2)20; 
3.42, s, ArCH2 (A-ring); 3.82, s, OCH3; 5.40, s, OCH2C6H5; 6.42, s, H3 and HS; 
6.62, d, J 2.3 Hz, H3'; 6.79, d, J 2.3 Hz, HS'; 7.41, s, C6H5; 10.62, s, 2-0H; 11.42, 
s, 2'-0H. Mass spectrum mlz 286 (8%), 195 (17), 178 (17), 115 (91), 92 (16), 91 
(100), 71 (13), 69 (8), 65 (14), 43 (25). 
Benzyl 4-[2-Hydroxy-4-methoxy-6-{(2-propyl-1,3-dioxolan-2-yl )methyl}-
benzoyloxy }-2-hydroxy-6-pentylbenzoate ( 150) 
(Benzyl Glomelliferate Ethylene Ketal) 
This compound was prepared by the condensation of (141) and (149). The product 
(150) was obtained as a colourless gum (50%) (Found: C, 68.8; H, 6.9. C34H400 9 
requires C, 68.9; H, 6.8%). 1H n.m.r. (CDC13) 8 0.80, t, J 6.2 Hz, CH2CH3 (B-ring); 
0.86, t, J 6.2 Hz, CH2CH 3 (A-ring); 1.01 - 1.63, m, (CH 2)2CH3 (A-ring) and 
(CH2)3CH3 (B-ring); 2.85, t, J 5.5 Hz, ArCH2C4H9; 3.19 - 3.43 and 3.64 - 3.77, m, 
O(CH2)20; 3.43, s, ArCH2 (A-ring); 3.80, s, CH30; 5.38, s, OCH2C6H5; 6.42, s, H3 
and H5; 6.64, d, J 2.4 Hz, H3'; 6.80, d, J 2.4 Hz, H5'; 7.39, s, C6H 5; 10.62, s, 
2-0H; 11.43, s, 2'-0H. Mass spectrum mlz 369 (6%), 297 (7), 279 (47), 235 (12), 207 
(14), 116 (21), 115 (100), 91 (62), 71 (13), 43 (16). 
Benzyl 4-[ 4-Benzyloxy-2-hydroxy-6-{ (2-propyl-1,3-dioxolan-2-yl)methyl}-
benzoyloxy ]-2-hydroxy-6-propylbenzoate ( 156) 
(Benzyl 4-0-Benzyl-4-0-demethylloxodellate Ethylene Ketal) 
This compound was prepared by the condensation of (155) and (143). The product 
(156) was obtained as a colourless gum (61 % ) (Found: C, 70.5; H, 6.1. C38H400 9 
requires C, 71.2; H, 6.3%). 1H n.m.r. (CDC13) 8 0.74, t, J 7.1 Hz, CH2CH3 (B-ring); 
0.85, t, J 6.5 Hz, CH2CH3 (A-ring); 1.26 - 1.72, m, (CH2)2CH3 (A-ring) and CH2CH3 
(B-ring); 2.83, t, J 7 .8 Hz, ArCH2C2H5; 3.25 - 3.40 and 3.63 - 3.72, m, O(CH2)20; 
3.42, s, ArCH2 (A-ring); 5.08, s, OCH2C6H5 (ether); 5.38, s, OCH2C6H5 (ester); 
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6.51, s, H3 and H5; 6.62, d, J 2.4 Hz, H3'; 6.79, d, J 2.4 Hz, H5'; 7.39, s, 2 x C6H5; 
10.59, s, 2-0H; 11.42, s, 2'-0H. Mass spectrum mlz 286 (4%), 268 (1), 224 (1), 195 
(10), 178 (11), 92 (11), 91 (100), 84 (11), 65 (10), 56 (11). 
Benzyl 4-[ 4-Benzyloxy-2-hydroxy-6-{(2-propyl-1 ,3-dioxolan-2-yl)methyl}-
benzoyloxy ]-2-hydroxy-6-pentylbenzoate ( 158) 
(Benzyl 4-0-Benzy/4-0-demethylglomelliferate Ethylene Ketal) 
This compound was prepared by the condensation of (155) and (149). The product 
(158) was obtained as a colourless gum (57%) (Found: C, 71.6; H, 6.7. C40H44o9 
requires C, 71.8; H, 6.6%). 1H n.m.r. (CDCI3) 8 0.80, t, J 6.2 Hz, CH2CH3 (B-ring); 
0.86, t, J 6.2 Hz, CH2CH 3 (A-ring); 1.01 - 1.76, m, (CH 2)2CH3 (A-ring) and 
(CH2)3CH3 (B-ring); 2.85, t, J 5.5 Hz, ArCH2C4H9; 3.17 - 3.52 and 3.63 - 3.80, m, 
O(CH2)20; 3.43, s, ArCH2 (A-ring); 5.08, s, OCH2C6H 5 (ether); 
5.39, s, OCH2C6H5 (ester); 6.50, s, H3 and H5; 6.64, d, J 2.2 Hz, H3'; 6.78, d, J 
2.2 Hz, HS'; 7.40, s, 2 x C6H 5; 10.59, s, 2-0H; 11.42, s, 2'-0H. Mass spectrum 
mlz 314 (7%), 296 (2), 258 (2), 223 (16), 206 (11), 150 (8), 115 (16), 91 (100), 77 (3), 
65 (8). 
Benzyl 4-[2-Hydroxy-4-methoxy-6-{(2-propyl-1,3-dioxolan-2-yl)methyl}-
benzoyloxy ]-2-hydroxy-6-(2-oxopentyl )benzoate ( 160) 
(Benzyl Glomellate Monoethylene Ketal) 
This compound was prepared by the condensation of (141) and (134). The product 
(160) was obtained as a colourless gum (71 %) (Found: C, 67.3; H, 6.5. C34H 380 10 
requires C, 67.3; H, 6.3%). 1H n.m.r. (CDCI3) 8 0.78, t, J 6.5 Hz, CH2CH3 (B-ring); 
0.87, t, J 6.0 Hz, CH2CH 3 (A-ring); 1.19 - 1.66, m, (CH 2)2CH3 (A-ring) and 
CH2CH3 (B-ring); 2.03, t, J 7.0 Hz, COCH2C2H5; 3.41, s, ArCH2 (A-ring); 3.18 -
3.46 and 3.64 - 3.78, m, O(CH2)20; 3.82, s, OCH3; 3.93, s, ArCH2CO; 5.30, s, 
OCH 2C6H 5; 6.42, s, H3 and HS; 6.53, d, J 2.3 Hz, H3'; 6.90, d, J 2.3 Hz, HS'; 
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7.39, s, C6H5; 10.56, bs, 2-0H; 11.40, bs, 2'-0H. Mass spectrum mlz 323 (8%), 279 
(7), 235 (9), 234 (8), 219 (8), 191 (7), 164 (14), 135 (7), 115 (100), 91 (7), 71 (10), 43 
(17). 
Benzyl 4-[4-Benzyloxy-2-hydroxy-6-{(2-propyl-l ,3-dioxolan-2-yl)methyl)-
benzoyloxy ]-2-hydroxy-6-(2-oxopentyl)benzoate (162) 
(Benzyl 4-0-Benzy/4-0-demethylglomellate Monoethylene Ketal) 
This compound was prepared by the condensation of (155) and (134). The product 
(162) was obtained as a colourless gum (42%) (Found: C, 70.4; H, 6.2. C40H420 10 
requires C, 70.4; H, 6.2%). 1H n.m.r. (CDC13) 8 0.78, t, J 7.2 Hz, CH2CH3 (B-ring); 
0.86, t, J 6.0 Hz, CH2CH3 (A-ring); 1.26 - 1.56, m, 2 x (CH 2)2CH3 (A-ring) and 
I· CH2CH3 (B-ring); 2.03, t, J 7.1 Hz, COCH2C2H5; 3.24 - 3.43 and 3.62 - 3.82, m, 
O(CH2)20; 3.41, s, ArCH2 (A-ring); 3.92, s, ArCH2CO (B-ring); 5.08, s, OCH2C6H5 
(ether); 5.29, s, OCH2C6H5 (ester); 6.50, s, H3 and H5; 6.53, d, J 2.2 Hz, H3'; 6.90, 
r 
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d, J 2.2 Hz, H5'; 7.38, s, 2 x C6H 5; 10.55, bs, 2-0H; 11.41, bs, 2'-0H. Mass 
spectrum mlz 479 (1 % ), 328 (5), 310 (3), 258 (5), 240 (54), 220 (17), 177 (5), 150 (20), 
115 (28), 91 (100), 71 (23), 65 (12), 43 (30). 
Hydrolysis of protecting ketal groups 
A solution of hydrochloric acid (5M) was added dropwise to a solution of the depside ester 
(4 - 7 mmole) in methanol (5 ml) until the solution became cloudy, then a few drops of 
methanol were added to restore the clear colourless solution. After standing 2 h at room 
temperature, water (2 ml) was added and the precipitated product was collected. 
Benzyl Loxodel/ate (148) 
The ester (148) crystallized from aqueous methanol as very fine colourless needles (89% ), 
m.p. 86° (Found: C, 68.0; H, 6.2. c30H32o8 requires C, 69.2; H, 6.2%). 1H n.m.r. 
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(CDC13) 8 0.73, t, J 6.7 Hz, CH2CH3 (B-ring); 0.82, t, J 6.7 Hz, CH2CH3 (A-ring); 
1.31 - 1.67, m, 2 x CH2CH3; 2.38, t, J 7.2 Hz, COCH 2C2H 5; 2.81, t, J 6.9 Hz, 
ArCH2C2H 5; 3.82, s, OCH3; 4.02, s, ArCH2CO; 5.39, s, OCH2C6H5; 6.27, d, J 2.2 
Hz, H3'; 6.44, s, H3 and HS; 6.59, d, J 2.2 Hz, HS'; 7.41, s, C6H 5; 11.23, s, 2-0H; 
11.41, s, 2'-0H. Mass spectrum mlz 286 (2%), 235 (4), 234 (30), 191 (13), 177 (14), 
164 (20), 135 (17), 92 (11), 91 (100), 69 (9), 65 (10). 
Benzyl Glomelliferate (151) 
The ester (151) crystallized from aqueous methanol as very fine colourless needles (93%), 
m.p. 105° (Found: C, 69.5; H, 6.3. c32H36o8 requires C, 70.1; H, 6.6%). 1H n.m.r. 
(CDC13) 8 0.80, t, J 7.0 Hz, CH2CH3 (B-ring); 0.82, t, J 7.0 Hz, CH2CH3 (A-ring); 
1.05 - 1.68, m, CH 2CH3 (A-ring) and (CH 2)3 CH 3 (B-ring); 2.38, t, J 7.2 Hz, 
COCH2C2H 5; 2.82, t, J 6.5 Hz, ArCH2C4H9; 3.82, s, OCH3; 4.02, s, ArCH2CO; 
5.38, s, OCH2C6H 5; 6.27, d, J 2.4 Hz, H3'; 6.43, bs, H3 and HS; 6.59, d, J 7.2 Hz, 
HS'; 7.40, s, C6H5; 11.22, s, 2-0H; 11.42, s, 2'-0H. Mass spectrum mlz 314 (3%), 
234 (4), 223 (8), 206 (5), 164 (5), 92 (8), 91 (100), 65 (6). 
Benzyl 4-{ 4-Benzylo:xy-2-hydro:xy-6-(2-oxopentyl)benzoyloxy 1-
2-hydro:xy-6-propylbenzoate (157) 
(Benzyl 4-0-Benzyl-4-0-demethylloxodellate) 
The ester (157) crystallized from methanol as very small, fine colourless needles (79% ), 
m.p. 107° (Found: C, 72.9; H, 6.4. c36H 36o8 requires -C, 72.5; H, 6.1 % ). 1 H n.m.r. 
(CDC13) 8 0.73, t, J 7.3 Hz, CH2CH3 (B-ring); 0.82, t, J 7.3 Hz, CH2CH3 (A-ring); 
1.31 - 1.69, m, 2 x CH 2CH3; 2.37, t, J 7.1- Hz, COCH 2C2H 5; 2.81, t, 18.0 Hz, 
ArCH2C2H 5; 4.02, s, ArCH2CO; 5.08, s, OCH2C6H5 (ether); 5.39, s, OCH2C6H5 
(ester); 6.35, d, J 2.5 Hz, H3'; 6.42, d, J 2.4 Hz, H3; 6.52, d, J 2.4 Hz, HS; 6.59, d, 
J 2.5 Hz, HS'; 7.38 and 7.40, s, 2 x C6H5; 11.21, s, 2-0H; 11.40, s, 2'-0H. Mass 
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spectrum mlz 286 (2%), 268 (1), 195 (6), 178 (6), 150 (1), 121 (2), 92 (7), 91 (100), 79 
(2), 77 (4), 69 (5), 65 (9), 63 (2), 55 (2), 53 (2), 51 (4). 
Benzyl 4-{ 4-Benzyloxy-2-hydroxy-6-(2-oxopentyl)benzoylox:y ]-
2-hydroxy-6-pentylbenzoate ( 159) 
(Benzyl 4-0-Benzyl-4-0-demethylglomelliferate) 
The ester (159) crystallized from methanol as colourless needles (91 %), m.p. 110° 
(Found: C, 72.0; H, 6.5. C38H400 8 requires C, 73.0; H, 6.5%). 1H n.m.r. (CDC13) 8 
0.79, t, J 6.2 Hz, CH2CH3 (B-ring); 0.82, t, J 7.2 Hz, CH2CH3 (A-ring); 1.01 - 1.61, 
m, CH2CH3 (A-ring) and (CH 2)3CH3 (B-ring); 2.31, t, J 7.3 Hz, COCH2C2H5; 
2.83, t, J 5.5 Hz, ArCH 2 C4H9; 4.02, s, ArCH2CO; 5.08, s, OCH 2C6H 5 (ether); 
I· 5.38, s, OCH2C6H5 (ester); 6.35, d, J 2.4 Hz, H3'; 6.42, d, J 2.6 Hz, H3; 6.52, d, J 
2.6 Hz, HS; 6.60, d, J 2.4 Hz, HS'; 7 .38 and 7 .40, s, 2 x C6H5; 11.22, s, 2-0H; 
11.43, s, 2'-0H. Mass spectrum mlz 314 (14%), 310 (20), 296 (3), 258 (4), 223 (32), 
206 (18), 150 (9), 92 (21), 91 (100), 65 (13). 
Benzyl Glomellate ( 161) 
The ester (161) crystallized from methanol as very fine colourless needles (87% ), m.p. 
144° (Found: C, 68.0; H, 6.4. c32H34o9 requires C, 68.3; H, 6.1 %). 1H n.m.r. 
(CDC13) 8 0.78, t, J 7 .0 Hz, CH2CH3 (B-ring); 0.83, t, J 7.0 Hz, CH2CH3 (A-ring); 
1.25 - 1.68, m, 2 x CH2CH3; 2.01, t, J 7.2 Hz, COCH2C2H5 (B-ring); 2.38, t, J 7.2 
-
Hz, COCH 2C2H5 (A-ring); 3.82, s, OCH3; 3.91, s, ArCH2CO (B-ring); 4.03, s, 
ArCH2CO (A-ring); 5.29, s, OCH2C6H5; 6.27, d, J 2.6 Hz, H3; 6.35, d, J 2.4 Hz, 
H3'; 6.45, d, J 2.6 Hz, HS; 6.69, d, J 2.4 Hz, HS!; 7 .39, s, C6H5; 11.17, s, 2-0H; 
11.41, s, 2'-0H. Mass spectrum mlz 310 (8%), 240 (5), 150 (4), 149 (4), 92 (8), 91 
(100), 71 (12), 65 (6), 57 (8), 55 (6). 
Benzyl 4-{ 4-Benzyloxy-2-hydroxy-6-(2-oxopentyl)benzoyloxy ]-
2-hydroxy-6-( oxopenty/ )benzoate ( 163) 
(Benzyl 4-0-Benzyl-4-0-demethylglomellate) 
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The ester (163) crystallized from methanol as colourless needles (81 % ), m.p. 131 ° 
(Found: C, 67.9; H, 5.7. C38H38o9 requires C, 71.5; H, 6.0%). 1H n.m.r. (CDC11 ) 8 
0.78, t, J 6.0 Hz, CH2CH3 (B-ring); 0.83, t, J 6.8 Hz, CH2CH3 (A-ring); 1.15 - 1.76, 
m, 2 x CH 2 CH 3 ; 2.02, t, J 7.7 Hz, COCH 2 C 2H 5 (B-ring); 2.38, t, J 7.4 Hz, 
COCH2C2H 5 (A-ring); 3.91, s, ArCH2CO (B-ring); 4.02, s, ArCH2CO (A-ring); 
5.08, s, OCH2C6H5 (ether); 5.29, s, OCH2C6H 5 (ester); 6.34, d, J 2.3 Hz, H3 and 
H3'; 6.51, d, J 2.3Hz, HS; 6.69, d, J 2.3 Hz, HS! 7.38, s, 2 x C6H 5; 11.14, s, 
2-0H; 11.39, s, 2'-0H. Mass spectrum mlz 310 (9%), 240 (12), 220 (3), 191 (2), 177 
(2), 163 (2), 150 (6), 92 (13), 91 (100), 79-(5), 77 (4), 71 (13), 69 (4), 65 (13), 51 (5). 
Hydrogenolysis of benzyl esters and ethers 
Palladium on carbon (10%, 5 mg) was added to a solution of the depside esters (3 - 5 
mmole) in toluene and the suspension was stirred in an atmosphere of hydrogen overnight. 
The catalyst was removed by filtration and the solvent was removed under reduced 
pressure. 
Oxostenosporic Acid ( 40 )99 
The acid (40) crystallized from methanol as very small _colourless prisms (94%), m.p. 
119-20° (Found: C, 63.1; H, 6.2. Ci3H26o8 requires C, 63.2; H, 6.3% ). 1 H n.m.r. 
(CDC13) 8 0.95, t, J 6.7 Hz, CH2CH3 (B-ririg); 1.01, t, I 6.5 Hz, CH2CH3 (A-ring); 
1.44 - 1.81, m, 2 x CH 2CH 3; 1.90, t, J 7.3 Hz, COCH 2C2H 5; 2.94, t, 1 8.0 Hz, 
ArCH 2C2H 5; 3.22, s, ArCH2CO; 3.83, s, OCH3; 6.38, s, H3 and HS; 6.63, d, 1 
0.7 Hz, H3'; 6.75, d, J 0.7 Hz, HS'; 11.2, bs, 3 x OB:. Mass spectrum mlz 358 (1 %), 
262 (1), 238 (1), 221 (15), 220 (100), 210 (21), 193 (42), 192 (66), 177 (32), 164 (16), 
104 
163 (22), 150 (54), 138 (12), 135 (23), 121 (26). The t.l.c.105,106 and h.p.l.c.107 
behaviour of synthetic ( 40) was identical with those of a minor metabolite of Neojuscelia 
verruculifera (Nyl.) Essl. 
2-Hydroxy-4-(2-hydroxy-4-methoxy-6-pentylbenzoyloxy )-6-
(2-oxopentyl)benzoic Acid (139) 
( Oxoperlatolic Acid ) 
The acid (139) crystallized from methanol as very small colourless prisms (87%), m.p. 
108° (Found: C, 65.3; H, 6.9. C25H30o8 requires C, 65.5; H, 6.6%). 1 H n.m.r. 
(CDC13) 8 0.76 - 1.19, m, 2 x CH2CH 3; 1.26 - 1.81, m, CH 2CH3 (B-ring) and 
(CH2)3CH3 (A-ring); 1.92, t, J 7 .2 Hz, COCH2C2H5; 2.95, t, J 8.0 Hz, ArCH2C4H9; 
3.25, s, ArCH2CO; 3.83, s, OCH3; 6.37,- s, H3 and H5; 6.61, d, J l.9 Hz, H3'; 6.74, 
d, J l.9 Hz, HS'; 11.2, bs, 3 x OH. Mass spectrum mlz 238 (10%), 221 (21), 220 
(100), 194 (16), 192 (19), 177 (36), 164 (44), 163 (30), 150 (46), 138 (48), 121 (24). 
Loxodellic Acid (41)100 
The acid (41) crystallized from methanol as small colourless plates (93%), m.p. 137° 
(Found: C, 64.1; H, 6.4. C23H26o8 requires C, 64.2; H, 6.1 % ). 1 H n.m.r. (CDC13) 8 
0.84, t, J 7 .3 Hz, CH2CH3 (A-ring); 0.97, t, J 7 .0 Hz, CH2CH3 (B-ring); 1.26 - 1. 70, 
m, 2 x CH2CH3; 2.40, t, J 7.2 Hz, COCH2C2H 5; 2.97, t, J 7.9Hz, ArCH2C2H5; 
3.83, s, OCH3; 4.05, s, ArCH2CO; 6.29, d, J 2.5 Hz, H3; 6.45, d, J 2.5 Hz, HS; 
-
6.50, d, J 2.4 Hz, H3'; 6.63, d, J 2.4 Hz, H5'. Mass spectrum mlz 252 (3%), 235 (14), 
234 (100), 191 (29), 178 (21), 177 (31), 164 (74), 152 (18), 137 (13), 135 (45), 124 
(48), 123 (22), 121 (12), 77 (11), 71 (24), 69 (16). The t.l.c. 105,l06 and h.p.1.c. 107 
behaviour of synthetic (41) was identical with those of a major metabolite of Neojuscelia 
loxodella (Essl.) Essl. 
105 
Glome/liferic Acid ( 43 )103, 51 
The acid (43) crystallized from methanol as fine colourless needles (88%), m.p. 145° 
(lit.51 143-144°) (Found: C, 65.8; H, 6.9. ~ 5H30o8 requires C, 65.5; H, 6.6%). 1H 
n.m.r. (CDC13/CD3COCD3) 8 0.84, t, J 6.9 Hz, CH2CH3 (A-ring); 0.89, t, J 6.2 Hz, 
CH2CH3 (B-ring); 1.26 - 1.73, m, CH2CH3 (A-ring) and (CH2)3CH3 CB-ring); 2.42, t, 
I 7.2 Hz, COCH 2C2H 5; 3.01, t, I 8.2Hz, ArCH2C2H 5; 3.84, s, OCH3; 4.07, s, 
ArCH2CO; 6.30, d, J 2.6 Hz, H3; 6.45, d, J 2.6 Hz, HS; 6.48, d, J 2.5 Hz, H3'; 
6.59, d, J 2.5 Hz, HS'. Mass spectrum mlz 235 (17%), 234 (H)()), 224 (12), 207 (23), 
206 (35), 205 (10), 191 (38), 180 (12), 178 (13), 177 (32), 168 (15), 165 (12), 164 (85), 
163 (14), 150 (46), 137 (11), 135 (36), 124 (67), 123 (20), 122 (15), 121 (13), 77 (12), 
71 (31), 69 (28), 65 (11). 
4-0-Demethylloxodellic Acid (42)40 
The acid (42) crystallized from methanol as very small colourless prisms (75%), m.p. 
146° (Found: C, 63.2; H, 6.1. c22H 24o8 requires C, 63.4; H, 5.8%). 1H n.m.r. 
(CDC1:,JCD3COCD3) 8 0.83, t, I 7.0 Hz, CH2CH3 (A-ring); 0.95, t, I 7.0 Hz, CH2CH3 
(B-ring); 1.26 - 1.68, m, 2 x CH2CH3; 2.41, t, I 7.2 Hz, COCH2C2H5; 2.99, t, 1 6.3 
Hz, ArCH2C2H5; 4.04, s, ArCH2CO; 6.28, d, J 2.4 Hz, H3; 6.42, d, I 2.4 Hz, H3'; 
6.46, d, J 2.4 Hz, HS'; 6.58, d, J 2.4 Hz, H5. Mass spectrum mlz 310 (1 %), 221 (19), 
220 (100), 194 (12), 192 (11), 191 (16), 179 (17), 178 (23), 177 (57), 163 (56), 152 
(39), 151 (10), 150 (72), 137 (14), 124 (68), 123 (52), 122 (11), 121 (68), 77 (21 ), 71 
(44), 69 (43), 65 (27). The t.l.c.105,l06 and h.p.l.c. 107 behaviour of synthetic (42) was 
identical with those of a minor metabolite of Neofuscelia loxodes (Nyl.) Essl. 
1· 
I· 
t 
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4-0-Demethylglomelliferic Acid ( 44)101 
The acid (44) crystallized from methanol as very small colourless prisms (82%), m.p. 
156° (Found: C, 64.5; H, 6.6. Ci4H 28o8 requires C, 64.8; H, 6.4%). 1H n.m.r. 
(CDCly'CD3COCD3) 8 0.83, t, J 7.0 Hz, CH2CH3 (A-ring); 0.89, t, J 4.8 Hz, CH2CH3 
(B-ring); 1.19 - 1.69, m, CH2CH3 (A-ring) and (CH2)3CH3 (B-ring); 2.43, t, J 7.1 Hz, 
COCH2C2H5; 3.01, t, J 6.5Hz, ArCH2C4H9; 4.07, s, ArCH2CO; 6.30, d, J 2.2 Hz, 
H3; 6.40, d, J 2.2 Hz, H3'; 6.49, d, J 2.2 Hz, HS'; 6.58, d, J 2.2 Hz, HS. Mass 
spectrum mlz 224 (2%), 221 (10), 220 (83), 180 (16), 177 (30), 163 (32), 150 (57), 124 
(100), 123 (30), 121 (50), 77 (12), 71 (32), 69 (27), 65 (15). The t.l.c.105,106 and 
h.p.l.c. 107 behaviour of synthetic (44) was identical with those of a minor metabolite of 
Neofuscelia Ioxodes (Nyl.) Essl. 
Glomellic Acid (56)50, l04 
The acid (56) crystallized from methanol as small colourless prisms (91 %), m.p. 132° 
(lit. 104 134-8°) (Found: C, 63.0; H, 6.0. c25H28o9 requires C, 63.5; H, 6.0%). 
1H n.m.r. (CDC13) 8 0.83, t, J 7.3 Hz, CH2CH3 (A-ring); 0.98, t, J 6.8 Hz, CH2CH3 
(B-ring); 1.30 - 1.69, m, 2 x CH2CH3; 2.03, t, J 7.8 Hz, COCH 2C2H 5 (B-ring); 
2.39, t, J 7.3 Hz, COCH 2C2H 5 (A-ring); 3.20, s, ArCH2CO (B-ring); 3.83, s, 
OCH3; 4.03, s, ArCH2CO (A-ring); 6.28, d, J 2.5 Hz, H3; 6.44, d, J 2.0 Hz, H3'; 
6.48, d, J 2.5 Hz, H5; 6.63, d, J 2.0 Hz, H5'; 11.1, bs, 3 x OH. Mass spectrum mlz 
235 (13% ), 234 (91), 220 (17), 206 (10), 205 (10), 19L (37), 177 (36), 165 (12), 164 
(92), 163 (11), 150 (83), 135 (36), 121 (14), 92 (10), 77 (10), 71 (100), 69 (24), 65 
(12), 63 (10). 
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4-0-Demethylglomellic Acid (57)40 
The acid (57) crystallized from methanol as very small colourless prisms (86%), m.p. 
152° (Found: C, 62.7; H, 6.0. C24H 26o9 requires C, 62.9; H, 5.7%). 1H n.m.r. 
(CDC1 3/ CD3COCD 3) 8 0.83, t, J 7.1 Hz, CH2CH 3 (A-ring); 0.96, t, J 7.0 Hz, 
CH2CH 3 (B-ring); 1.26 - 1.69, m, 2 x CH 2CH3; 2.01, t, J 7.8 Hz, COCH2C2H 5 
(B-ring); 2.42, t, J 7.l Hz, COCH2C2H5 (A-ring); 3.40, s, ArCH2CO (B-ring); 4.05, 
s, ArCH2CO (A-ring); 6.30, d, J 2.6 Hz, H3; 6.43, d, J 2.6 Hz, H5; 6.49, d, J 2.0 Hz, 
H3'; 6.63, d, J 2.0 Hz, H5'. Mass spectrum mlz 238 (8%), 221 (26), 220 (1()()), 194 
(38), 192 (13), 191 (17), 177 (59), 167 (11), 163 (57), 151 (22), 150 (99), 123 (31), 122 
(11), 121 (68), 77 (16), 71 (79), 69 (43), 65 (30). The t.l.c. 105,l06 and h.p.l.c.107 
behaviour of synthetic (57) was identical with those of a minor metabolite of Neofuscelia 
loxodes (Nyl.) Essl. 
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6. Synthesis of Depsides Containing y-Ketoalkyl Sidechains 
6.1 Previous synthesis of miriquidic acid and normiriquidic acid 
As noted in the introduction, miriquidic acid ( 45) and normiriquidic acid ( 46) are unusual 
depsides because the keto group in the A-ring sidechain is not in a position predicted from 
the acetate-polymalonate origins of the molecule. 
From a synthetic viewpoint however, the y-keto group does not pose the same problems 
encountered with the P-keto group, since the corresponding A-ring precursor to miriquidic 
acid (170) does not lactonize readily. Therefore, the keto group does not require 
protection prior to condensation with the B-ring precursor (149). 
A synthesis of miriquidic acid ( 45) has been published recently54 and the synthetic route 
utilized is outlined in Scheme 44. 
Br 
NaCH(COOEt)i KOH 
2. Et2CuLi 
I 
I I 
CH2CH2COC2Hs 
CH30 
( 169) 
( 170) + 
HO 
Br 
HC(OEth 
OCH3 
OH 
( 149) 
H2 
Pd/C 
CH30 
CH2CH2C(OEt)iC2H5 
Br 
I. PhLi 
2. CO2 
CH30 OCH3 3. H30+ 
OH 
( 170) 
OH 
CH2CH2COC2Hs 
co-o OH 
OH COOH 
( 45) C5H11 
Scheme 44. Synthesis of miriquidic acid (4S) according to Elix and Jayanthi.54 
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OH 
6.2 An alternative approach to the synthesis of miriquidic acid and 
normiriquidic acid 
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An alternative route to the key intermediate 2,4-dimethoxy-6-(3-oxopentyl)benzoic acid 
(169) was developed as a result of the investigation into synthetic approaches to 
P-ketoalkyl depsides. The synthetic route outlined here (Scheme 47) is a simpler and 
more efficient alternative to that developed by Elix and Jayanthi.54 
The synthetic potential of the dianion of 2,4-di-O-methylorsellinic acid (175) was explored 
in an approach to 2-oxoalkylbenzoic acid derivatives. The alkylation of toluic acid and 
substituted toluic acid dianions has been investigated.108 More recently, Hauser and 
Rhee l09 reported that carboxylation of the dianion (172) with diethyl carbonate gave 
6-methoxyhomophthalic acid (174) on hydrolysis of the intermediate ester (173) (Scheme 
45). 
-
CH3 CH2 
COOH coo 
LDA (EtO)iCO 
OCH3 OCH3 
( 171) ( 172) 
( 173) ( 174) 
Scheme 45. Synthesis of 6-methoxyhomophthalic acid (174) after Hauser and Rhee. 109 
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In an attempt to produce a suitably substituted intermediate for the synthesis of ~-ketoalkyl 
depsides, such as 2,4-dimethoxy-6-(2-oxopentyl)benzoic acid (177), 2,4-dimethoxy-
6-(2-hydroxypentyl)benzoic acid (178) or 2,4-dimethoxy-6-(2,2-diethoxypentyl)benzoic 
acid (179), the acylation of dianion (17 6) was attempted by treating it separately with 
butyryl chloride, ethyl butyrate, butyraldehyde, and triethyl orthobutyrate (Scheme 46). In 
all cases the acid (17 5) was recovered unchanged from the reaction mixture. 
CH3 CH2COC3H7 
COOH COOH 
( 175) 
CH30 OCH3 CH30 OCH3 
( 177) 
LDA 
CH2CH(OH)C3H7 
COOH 
-
CH2 
coo- CH30 OCH3 
( 178) 
CH30 OCH3 
( 176) OEt 
C3H7 
COOH 
( 179) 
Scheme 46. Attempted acylation of the dianion of 2,4-di-O-methylorsellinic acid (176). 
The addition of butyryl chloride, ethyl butyrate of butyraldehyde to the dianion resulted in 
rapid decolourization of the red solution. The recovery of the acid (175) suggests that the 
decolourization was due to protonation of the dianion by the acylating agent. Thus, 
abstraction of the relatively acidic protons a- to the carbonyl groups in the above acylating 
'( 
I 
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agents precluded acylation of the dianion that had been observed previously with diethyl 
carbonate. 109 
In marked contrast, the red colour of the dianion persisted even after prolonged treatment 
with triethyl orthobutyrate at elevated temperatures. In this case the acid (175) was again 
recovered unchanged. While a number of ketals have been produced by the alkylation of 
orthoesters by Grignard reagents, l lO in this case it appears that the dianion is too hindered 
to alkylate the bulky orthoester. 
Although the above attempts to acylate the toluate dianion (17 6) failed, attention was 
turned to the potential of (17 6) in the synthesis of the miriquidic acid A-ring key 
intermediate, 2,4-dimethoxy-6-(3-oxopentyl)benzoic acid (169). 
The dianion (176) was readily alkylated by treatment with 1,2-epoxybutane to give 
2,4-dimethoxy-6-(3-hydroxypentyl)benzoic acid (180) in good yield. Oxidation of the 
acid (180) with chromic acid gave unwanted by-products in addition to the desired 
product, 2,4-dimethoxy-6-(3-oxopentyl)benzoic acid (169). One of these by-products 
was identified as the quinone (181), which probably arises from an oxidative 
decarboxylation and demethylation of the product (169) (Scheme 47). 
The quinone (181) was still obtained when the oxidation was carried out using one 
equivalent of pyridinium chlorochromate, so it would appear that it was produced at a rate 
competitive with the oxidation of the alcoholic group to the corresponding ketone. 
To inhibit the formation of the unwanted by-products, the acid (180) was esterified in 
order to prevent decarboxylation during the oxidation step. The benzyl ester (182) was 
readily prepared by treating the acid (180) with benzyl bromide in the presence of 
potassium hydrogen carbonate. The ketone (183) was obtained in excellent yield when 
COOH 
LDA 
( 175) 
CH2CH2CH(OH)C2H5 
COOH 
OCH3 
( 180) 
CH2CH2CH(OH)C2Hs 
COOCH2Ph 
OCH3 
( 182) 
CH2CH2COC2Hs 
COOCH,,Ph 
"6 
( 183) 
Pd/C 
( 176) 
0 
coo 
OCH3 
( 169) 
( 169) 
Scheme 47. Alternative synthesis of the miriquidic acid precursor (169). 
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the benzyl ester (182) was oxidized with chromic acid. Subsequent hydrogenolysis of the 
protecting ester group completed the synthesis of the intermediate (169) (Scheme 47). 
While the additional steps required to prevent the decarboxylation of the acid (169) 
detracts a little from the simplicity of the synthesis, it should be noted that a similar 
benzylation/debenzylation sequence was necessary to effect purification of the acid (169) 
in the reported synthesis of miriquidic acid. 54 
The route depicted above represents an alternative, more efficient, synthesis of the key 
intermediate (169) and hence to mi..-iquidic acid, following the route reported previously 
(Scheme 44).54 
6.3 Experimental 
General experimental detail~ are reported in Chapter 2 (page 43). 
2,4-Dimethoxy-6-(3-hydroxypentyl)benzoic Acid (180) 
The alkylation of 2,4-dimethoxy-6-methylbenzoic acid (17 5) 111 was performed using a 
modification of the procedure of Hauser and Rhee. 109 A solution of 2,4-dimethoxy-6-
methylbenzoic acid (175) (3.92 g, 20 rnmole) and 1,2-epoxybutane (1.6 g, 22 rnmole) in 
TIIF (20 ml) was added to a solution of lithium diisopropylamide (50 mmole) in TIIF (15 
ml) at -20°. After 20 min at -2fP, the cooling bath was removed and the red solution was 
-
stirred for 4 h. The resultant colourless suspension was added to ice-cold dilute 
hydrochloric acid and extracted with ether. The ether phase was washed with water and 
saturated aqueous NaCl solution, dried (MgS04) and evaporated to give the crude alcohol 
as a yellow oil. The product was applied to a 20 x 5 cm silica gel column and eluted with a 
solution of ethyl acetate/acetic acid/petroleum spirit ( 4: 1 :5). The only significant fraction 
contained 2,4-dimethoxy-6-(3-hydroxypentyl)benzoic acid (180) (4.34 g, 81 %) which 
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crystallized from ether/toluene as colourless prisms, m.p. 114° (Found: C, 63.1 ; H, 7.9. 
C 14H 200 5 requires C, 62.7; H, 7.5%). 1H n.m.r. (CDCI3) 8 0.92, t, J 6.8Hz , 
CH2CH3; 1.20 - 1.61, m, CH2CH3; 1.66 - 1.90, m, CH2CH2CHOH; 2.91, t, J 7 .6 
Hz, ArCH2CH2; 3.43 - 3.72, m, CHOH; 3.82, s, 4-0CH3; 3.88, s, 2-0CH3; 6.15, 
bs, 2 x OH; 6.38, 6.40, 2d, J 2.2 Hz, 2 x ArH. !\/lass spectrum mlz 268 (M, 33%), 
221 (23), 207 (17), 196 (100), 193 (31), 191 (36), 177 (24), 163 (21), 151 (21), 137 
(20), 135 (21), 91 (36), 77 (54), 65 (37). 
Oxidation of 2,4-Dimethoxy-6-(3-hydroxypentyl)benzoic Acid (180) 
1. Using Jones Reagent 
A solution of the acid (180) (2.68 g, 10 mmole) in acetone (20 ml) was treated with a 
solution of chromic acid as described by Jones et a/. 112 The stable orange colour which 
usually indicates the completion of the reaction was not obtained even after addition of an 
excess of chromic acid. Ether (50 ml) was added to the mixture and the supernatant 
decanted. The green precipitate was washed with ether and the combined ether extracts 
were washed with water and saturated NaCl solution, dried (MgS04) and evaporated to 
give a bright yellow oil. 
This oil was applied to a 20 x 5 cm silica gel column and eluted with 20% ethanol/ 
chloroform. The first fraction was identified as 2-methoxy-6-(3-oxopentyl) -l ,4-
benzoquinone (181) (0.19 g, 9%) which crystallized from carbon tetrachloride as yellow 
prisms, m.p. 112° (Found: C, 64.5; H, 6.3. C12H140 4 requires C, 64.8; H, 6.3%). 1H 
n.m.r. (CDC13) 8 1.06, t, J 7.3 Hz, CH2CH 3; 2.44, q, I 7.3 Hz, CH2CH3 ; 2.69, s, 
Ar(CH2)2; 3.81, s, OCH3; 5.87, d, J 2.4 Hz, H3; 6.48, d, 1 2.4 Hz, HS. Mass 
spectrum mlz 224 (M+2, 26%), 223 (M+l, 100), 222 (M, 26), 193 (73), 167 (41), 
166 (98), 165 (96), 137 (63), 122 (23), 109 (26), 69 (37), 57 (62), 53 (35). 
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The second fraction yielded 2,4-dimethoxy-6-(3-oxopentyl)benzoic acid (169) (1.13 g, 
43%) as a pale yellow oil which solidified on standing for a prolonged period, m.p. 62° 
(Found: C, 63.5; H, 7.4. C14H 180 5 requires C, 63.2; H, 6.8%). 1H n.m.r. (CDC13) 8 
1.03, t, J 7.3 Hz, CH2 CH 3; 2.42, q, J 7.3 Hz, CH 2 CH 3; 2.86, t, J 6.6 Hz, 
ArCH2CH2; 3.00, t, J 6.6 Hz, ArCH2CH2; 3.82, s, 4-0CH3; 3.90, s, 2-0CH3; 6.41, 
AB quartet, J 2.1 Hz, 2 x ArH. Mass spectrum mlz 266 (M, 18%), 219 (18), 193 (26), 
192 (22), 191 (100), 165 (28), 163 (11). 
2. Using Pyridiniwn Chlorochromate 
A solution of the acid (180) (1.34 g, 5 mmole) in dichloromethane (5 ml) was added to a 
solution of pyridinium chlorochromate91 (1.08 g, 5 mmole) in dichloromethane (20 ml) 
with vigorous stirring. After stirring for 1 h, a portion of the mixture was added to ether to 
precipitate the chromium salts; t.l.c. analysis of the supernatant indicated that the mixture 
had a composition similar to that obtained previously, with the exception that a 
considerable amount of starting material was also present. 
Benzyl 2,4-Dimethoxy-6-(3-hydroxypentyl)benzoate (182) 
A mixture of the acid (180) (1.34 g, 5 mmole), benzyl bromide (0.86 g, 5 mmole) and 
potassium carbonate (0.69 g, 5 rnmole) in acetone (10 ml) was stirred at room temperature 
for 24 h. The mixture was added to water and extracted with ether. The ether phase was 
washed with 5% aqueous sodium hydrogen carbonate solution, water and saturated 
aqueous NaCl solution, dried (MgS04) and evaporated to give the crude ester as a yellow 
oil. The ·crude product was applied to a 20 x 5 cm silica gel column and eluted with 30% 
ethyl acetate/petroleum spirit. The major fraction gave benzyl 2 ,4-dimethoxy-6-
(3-hydroxypentyl)benzoate (182) (1.42 g, 95%) as a colourless oil which solidified on 
standing and crystallized from ether/light petroleum as very fine colourless needles, m.p. 
49° (Found: C, 70.7; H 7.4. Ci1H26o5 requires C, 70.4; H, 7.3%). 1H n.m.r. (CDCl3) 
117 
8 0.87, t, J 6.6 Hz, CH2CH3; 1.28 - 1.45, m, CH2CH3; 1.58 - 1.86, m, ArCH2CH2; 
1.89, bs, OH; 2.51 - 2.64, m, ArCH2CH2; 3.23 - 3.48, m, CHOH; 3.75, s, 4-0CH3; 
3.77, s, 2-0CH3; 5.33, s, OCH2C6H 5; 6.32, s, 2 x ArH; 7.31 - 7.48, m, C6H5. Mass 
spectrum mlz 358 (M, 7%), 286 (43), 249 (33), 195 (55), 193 (15), 191 (38), 165 (14), 
152 (16), 151 (46), 91 (100). 
Benzyl 2,4-Dimethoxy-6-(3-oxopentyl)benzoate (183) 
A solution of chromic acid was added dropwise to a solution of the alcohol (182) ( 1.0 g, 
2.8 mmole) in acetone (10 ml) until the orange colour persisted. A few drops of 
2-propanol was then added to give a pale green mixture. Ether (30 ml) was added and the 
supernatant was decanted from the green precipitate. The precipitate was washed well with 
ether and the combined ethereal solution was washed with water and saturated aqueous 
NaCl solution, dried (MgS04) and evaporated to yield benzyl 2 ,4-dimethoxy-6-
(3-oxopentyl)benzoate (183) (0.93 g, 94%) as a pale yellow oil (Found: C, 70.5; H, 6.7. 
C21 H 240 5 requires C, 70.8; H, 6.8% ). 1 H n.m.r. (CDC13) 8 0.97, t, J 7 .2 Hz, 
CH2CH3; 2.23, q, J 7.2 Hz, CH2CH3; 2.58 - 2.78, m, Ar(CH2)2; 3.76, s, 2 x OCH3; 
5.31, s, OCH2C6H 5; 6.30, s, 2 x ArH; 7.31 - 7.46, m, C6H 5. Mass spectrum mlz 356 
(M, 21 %), 339 (10), 250 (12), 248 (10), 192 (20), 178 (13), 165 (30), 91 (100), 57 
(23). 
2 ,4-Dimethoxy-6-(3-oxopentyl)benzoic Acid (169) 
A mixture of the benzyl ester (183) (0.36 g, 1 mmole) and 5% palladium on charcoal 
(20 mg) in ethyl acetate (5 ml) was stirred in an atmosphere of hydrogen for 2 h. The 
solution was filtered to remove the catalyst and the filtrate was evaporated to yield the acid 
(169) (0.26 g, 98%), as a pale yellow oil identical to the material obtained previously. 
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